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THE MAKING AND FITTING OF 
ARTIFICIAL EYES ARE A 
SPECIALTY WITH US: 


Not «a Sideline! 


Experience gained through over 100 years of artificial eyemaking enables 
us to produce and fit the very finest in artificial eyes. 


@ Made to order and stock eyes of glass and plastic. 
@ Our eyemakers and technicians travel to most principal cities. 


@ Our technicians are especially trained to fit artificial eyes to all 
types of motility implants. 


FITTING OF ARTIFICIAL EYES 
THROUGH THE MAIL 


@ Orders filled the same day received. 
@ Eyes sent on memorandum. 
@ Liberal assortment of either glass or plastic. 
@ Samples accurately matched. 
@ Superior quality eyes. 
@ Finest workmanship. 


WRITE FOR FREE COLOR CHART AND SIZE GUIDE 


100 YEARS OF ARTIFICIAL EYEMAKING 


NEW YORK 
BALTIMORE 


CHICAGO 


DETROIT 
CLEVELAND BOSTON 
KANSAS CITY BUFFALO 
PHILADELPHIA 


PITTSBURGH 
WASHINGTON 


MAGER GOLWELMAN, IMC. 


LOUIS 
30 NORTH MICHIGAN AVENUE + CHICAGO, ILLINOIS 
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like May and Mother's Day gf 


Thanks to Mother is her year-round due; but tra- 
dition links the special observance of her day to 
the month of May. Shuron WIDESITE lenses and 
Shuron BROWLINE frames each are prescription- 
worthy any day of the year—and together they 
provide the perfect combination for your patients’ 
complete satisfaction. Make it your habit to 
specify both. 
Illustrated at lower right and on him— 
the Stag Browline frame: At upper right 
and on her—the new Ronbelle Browline 


frame: And the Shuron Widesite ‘‘Pano- 
rama Vision” lens—in white and Tonetex. 


SHURON OPTICAL COMPANY, INC, 
GENEVA, N. Y., Established 1864 
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FOR BINOCULAR FIXATION 
VISUAL TRAINING .. . BAUSCH & LOMB 


The Bausch & Lomb Ortho-Fusor 
- vs has proved its merit as supplementary 
exercise for binocular fusion. Its 
= or #2 compactness permits frequent, short- 

dae tates interval use in home or office—where- 
HIGH CONVERGENCE ever there is good light for reading. 
) Now the Ortho-Fusor is available in 
three series of graded exercises. Each 
series consists of a set of training 
vertographs in a wire-bound book 
with instructions, three-dimensional 
Polaroid Glasses, and leatherette 
carrying case. $11.00 per series, 
from your Bausch & Lomb distributor. 


BAUSCH 6 LOMB 


OPTICAL COMPANY ROCHESTER 2, N.Y. 


7 IN THREE SERIES : 

! nihioSusor #3 
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INITIAL DOSAGE: STEP-WISE REDUCTION: MAINTENANCE DOSAGE: 
25 mg. four times daily. After moderate reliefis 25 to 50 mg. daily has been 
Consult literature for detailed established, reduce daily found adequate in more than 
dosage recommendations. dosage step-wise every three 50 per cent of a series of 
or four days, to smallest patients. 
suitable maintenance level. 


Conservative dosage in rheumatoid arthritis 
provides effective relief — and often may be 
continued for long pertods 


Individualized dosage, careful clinical observation, and simple, 
readily available laboratory procedures (sedimentation rates, 
urinalyses, blood counts, blood pressure, and frequent weight 
recordings) are adequate for the rehabilitation and management 
of most patients. 


Cortone is the registered trade-mark of Merck & Co., Inc, for its brand of 
cortisone. This substance was first made available to the world by Merck research 
and production, 


Literature on request 


MERCK & co., INc. 
ON ton MERCK Manufacturing Chemists 
K 


ACETATE ¢ RAHWAY, NEW JERSEY 
(CORTISONE Acetate Merck) In Canada: MERCK & CO. Limited—Montreal 
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“One Doct 


ors Reports from 


CASE HISTORY No. 265 — Executive, CASE HISTORY No. 262— Housewife, 


Ks large Corp.—Adjusted better than Adjusted better than to bifocals 
to bifocals—Same Rx in CV lenses —First Pair of CVs in 1942—Al- 


ways has duplicate pair. 


*“Conduct Your Own Research” is the first program 
of its kind ever attempted in the optical industry. 
This program is one in which doctors and dispensers 
throughout the country are invited to experiment 
with CV lenses for their presbyopic patients in actual 
practice. The results are then reported to the Re- 
search Department of The Univis Lens Company. 
To date over 2,500 reports of individual cases have 

e ) been received. Those shown above are actual ex- 
periences, all reported by one doctor. They are typi- 

i n ivi &. Cc We cal of the thousands of reports received. The reports 

are being tabulated, and offer much valuable in- 

formation to the practitioner. 
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CASE HISTORY Ne. 247—Industrial Ergi- CASE HISTORY Ne. 2:\9---Housewife, Ad- CASE HISTORY Ne. 264—Auditor, Adjust- 
neering Plant Mgr., Adjusted better justed better than to bifocals—Likes CVs ed better than to bifocals—Had trouble 
to bifocals—more comfortable for work for housework and card playing. Does with Adding machine tape and large 
and reading than bifocals. not notice change from distance to close. ledger sheets—CV eliminated blur area. 


“Conduct Your Own Research” 


CASE HISTORY No. 263— Works on 
various presses in Publishing Plant 
—Adjusted better than to bifocals— 
Could not do work well with bi- 
focals. Too many various positions 
and distances to work. 


Whether you participate in the Univis “Conduct Your 
Own Research” Program or not, you can prescribe 
Univis CV Lenses for your patients without fear 
of financial loss. Complete patient satisfaction 
with CVs is insured and guaranteed. If any of your 
prescriptions for CV Lenses should prove unsatisfactory 
for any reason and are returned to your Univis 
laboratory within 60 days, Univis D bifocals—ground 
to prescription —will be supplied as replacement 
at no additional charge. 
THE UNIVIS LENS COMPANY 
Photos posed by professional models Dayton  * Chio 
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am CASE HISTORY Ne. 245—Store Mgr., CASE HISTORY Ne. 248—Salesman (goo | ; 

E First Pair Satisfactory but wanted to bifocals—This Rx of -5.00 made a 
larger intermediate segment. Likes difficult case because patient would nct 
p larger seg because so much of his wear bifocals. After several years CVs : 

. work is done with the intermediate. | were used and worked successfully. 

ie CVs” — the prescription with insured satisfaction | 
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wider angle 


broad-spectrum therapy 


in ocular infections 


ANTIBIOTIC DIVISION, CHAS. PFIZER ® CO., INC. 
Brooklyn 6, N.Y. 
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Lyovac®, Normal Human Plasma (Irradiated) For Ophthalmic Use, is lyophilized human plasma designed especially 
for use following surgical procedure or trauma of the eye. When Lyovac Plasma (ophthalmic) is applied with thrombin 
solution, fibrinogen is precipitated, and forms an adhesive fibrin coagulum which acts as a physiologic suture, 
aiding in the repair of corneal wounds, accidental or incident to ocular surgery. Helps to join wound edges, and 
provides a vital framework for growing connective tissue. Packaged in vials containing 5 cc. of desiccated plasma, 
together with 2.5 cc. vial of sterile 0.1% citric acid diluent, to be added to plasma vial before use. 

Sharp & Dohme, Philadelphia 1, Pa. 


To aid repair of corneal abrasions, lacerations, or ulcers, 


as an adjuvant to or replacement of surgery. Normal 
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Lyovac®, Normal Human Plasma (Irradiated) For Ophthalmic Use, is lyophilized human plasma designed especially 
for use following surgical procedure or trauma of the eye. When Lyovac Plasma (ophthalmic) is applied with thrombin 
solution, fibrinogen is precipitated, and forms an adhesive fibrin coagulum which acts as a physiologic suture, 
aiding in the repair of corneal wounds, accidental or incident to ocular surgery. Helps to join wound edges, and 
provides a vital framework for growing connective tissue. Packaged in vials containing 5 cc. of desiccated plasma, 
together with 2.5 cc. vial of sterile 0.19% citric acid diluent, to be added to plasma vial before use. 

Sharp & Dohme, Philadelphia 1, Pa. 


To aid repair of corneal abrasions, lacerations, or ulcers, 


as an adjuvant to or replacement of surgery. Normal 
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LIFTS THE 


HEAVIEST INSTRUMENTS 
to Patient’s Eye Level 


STURDY TABLE TOP 
Durable plastic covering, 18” x 22” 


RIGID TUBULAR COLUMN 
Over-all height 35”, lowered 26” 


EXCLUSIVE KNEE-ACTION CONTROL 
Smooth, precise, time-saving 


AMPLE LEG ROOM 
For Doctor and Patient 


TWO ELECTRICAL INSTRUMENT OUTLETS 
Built into base 


PERFECT BALANCE 
No danger of tipping 


EASILY MOVABLE 
Silent rubber casters 


The clumsy task of cranking instruments to the desired level, 
can be a thing of the past. In the AO Instrument table a quiet, powerful, 60 cycle 
AC electric motor does it for you. It can lift or lower Stereo Campimeters, Ophthal- 
mometers, Stereo Orthopters, Troposcopes, Rotoscopes or other heavy instru- 
ments . . . smoothly, silently, quickly. Just press your knee gently against a con- 
veniently located lever. Motor stops automatically at end of travel. Both hands 
remain free to operate the instrument 


Be sure to ask your AO Representative about the AO Electric Instrument Table. 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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Higher concentration —Sodium SuLamyp® Ophthalmie Solution provides 


Wide therapeutic range—Effective against all ee eye pathogens, 


both gram-positive and gram-negative. 
Rapid, deep penetration—Higher solubility 
produce local therapeutic levels within 15 minutes. u 


Excellent results—In eye injury—no loss of working time 
in 98.87 per cent of one series of 11,953 cases; ae 
in eye infections—rapid healing. 


Sediam SULAMYD Ophthalmic Solution 30% 
(Sodium Sulfacetamide—Schering) 


Sodium SULAMYD Ophthalmic Solution 30%: 15 ce. eye-dropper bottles. 
Sodium SULAMYD Ophthalmic Ointment 10%: % oz. whes. 


CORPORATION * BLOOMFIELD, NEW JERSEY 


sulfacetamide, a sulfonamide soluble to a concentration of 30% at physiologic Py i 


— 
SUlfo,, . 
for prevention and treatment afectio 
= 
5 
Re 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


SPARE LAMPS 


KEELER 
12v. OPHTHALMOSCOPES 


THE “CONTINENTAL” 
THE “MEASURING” 
THE “POLARISED” 


THE SPARE 
LAMP UNIT 


THE 
COMPLETED 
ASSEMBLY 


FITTING 
THE LAMP 
TO THE 
HOLDER 


The New 12v. Lamp Assembly (bottom illustration) has been 
designed to cut the cost of spare lamps (top illustration) for 
Keeler 12 volt Ophthalmoscopes. The complete assembly costs 
no more than the old-type replacements, and the new-type 
replacements are now less than 


HALF- PRICE 


KEELER OPTICAL PRODUCTS 


No. 617 SOUTH FIFTY-SECOND STREET, PHILADELPHIA 43, PA. 
TELEPHONE: GRANITE 4-5310 
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6 VALUABLE STUDIES ON THE EYE 


THE PHYSIOLOGY OF THE EYE 


By HUGH DAYSON, D.Sc. 
WRITTEN BY AN EMINENT PHYSIOLOGIST 


A highly informative study that reflects extensive research 
and long practical experience. Specific facts are carefully 
detailed and integrated for clinical and diagnostic applica- 
tion. Profusely illustrated, complex structures are clearly 
visualized. Numerous charts, graphs, and schematic drawings 
interpret physiologic processes. Unusually comprehensive, this 
practical presentation is exceptionally well-organized for 
study or reference by physicians and students. 


301 Illustrations 451 Pages’ $7.50 


DISEASES OF THE RETINA 


By HERMAN ELWYN, M.D. 


COMPLETE WORK..." 
—JOURNAL ASSOCIATION OF AMERICAN MEDICAL COLLEGES 


One of the most consistently reliable volumes on retinal dis- 
eases. An excellent diagnostic aid to many conditions affecting 
the vascular and central ftrvous systems, to other systemic 
disorders, and to intrinsic retinal diseases. Pathogenesis and 
pathologic anatomy are thoroughly described, Clearly out- 
lines the course of each disturbance and important variations 
—gives the physician a clinical picture of the condition at 
any time it is presented. 

Describes many efficient methods of treatment, including 
drugs, operative measures and mechanical means. Illustrations 
are remarkably detailed and highly instructive. Color figures 
depict conditions in lifelike tones to facilitate accurate 
diagnosis. Planned for the utmost value to physicians and 
students alike. 


170 Illus. © 19 in Color * 587 Pages © $8.00 


PRACTICAL ORTHOPTICS IN 
THE TREATMENT OF SQUINT 


By T. KEITH LYLE, M.D., M.R.CP., F.R.CS., 
3rd EDITION and SYLVIA JACKSON, $.R.N., D.B.0. 


Numerous important advances in orthoptic treatment and 
strabismus are admirably presented in this enlarged study. 
Emphasis is on adequate diagnosis, prompt restoration of 
comfortable binocular vision and the proper relationship 
between surgery and orthoptic treatment. Optical treatment, 
post-operative care and the various kinds and forms of 
strabismus are thoroughly discussed. Many illustrative cases 
are added as instructive examples. Orthoptic instruments and 
the management of an orthoptic clinic are carefully described. 


151 Illus. © 3 in Color © 271 Pages © $8.50 


Company 


1012 Walnut Street 


THE BLAKISTON COMPANY 
1012 Walnut Street 
Philadelphia 5, Pa. 

Please send me the books : 


Doggart’s “Ophthalmic Medicine” 
Epstein's ‘‘Strabismus—A Clinical Handbook 
“Worth and Chavasse’s Squint™ 


Name 


OPHTHALMIC MEDICINE 


By JAMES HAMILTON DOGGART, M.A., M.D., F.R.C.S. 
CONCLUSIVE STUDY BY A WORLD AUTHORITY 
Confines its material to the medical aspects of ophthalmology 
—concentrates on its specialized problems. The intimate 
linkage of the eye to adjacent and remote parts of the body 
is emphasized. Significant recent discoveries are correlated 
with traditional aspects of medical ophthalmology. Selec- 
tive illustrations and color plates clearly visualize specialized 
materials. Concisely written, yet thoroughly inclusive of es- 
sential facts, this important volume provides the f 
authoritative, shorter outline physicians have so long desired. 


87 Illus. © 28 Color Plates * 329 Pages * $8.00 


WORTH AND CHAVASSE’S 
SQUINT EiTION 


By T. KEITH LYLE, M.D., M.R.C.P., F.R.C 


A world-famous volume, now greatly simplified. Gene 
principles of surgical treatment are lucidly described. ( 
erative technics which the author particularly recommen 
are carefully detailed. The causes, diagnosis and treatme 
of squint are presented in terms of developmental abnorm 
ties. Numerous case histories supplement basic informati 
throughout the entire book. Selected cases of ocular p 
with special reference to their investigation and treatme! 
are illustrated in a newly added appendix. Other high 
instructive illustrations are used to visualize difficult materi 
making this an exceptionally clear presentation. 


208 Illustrations 319 Pages $8.00 


STRABISMUS —A Clinical Handbook 


By GEORGE J. EPSTEIN, B.A., M 


"A GOOD WORK" —JOURNAL AMERICAN MEDI 


ASSOCIATION 
Presents valuable knowledge to assure the ion or su 
stantial improvement of strabismus. All difficulties of di 
nosis, treatment and prognosis are reduced to a simple fram 
work of practical procedures. Dr. Epstein’s “. . . metho 
for the correction of strabismus are ably enunciatec 
[J.A.M.A.]. “The sections on treatment, especially the surgi- 
cal treatment of strabismus, are clear and concise” [Arch. 
Ophth.]. A compact, highly practical book, it will prove 
valuable to all physicians. 

$6.00 


76 Iustrations 214 Pages 


in the T t of Squint™ 


Address 


Philadelphia 5, Pa. 


Zone State 


City 


7 
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| 
105 Bond Street H 
Vj Toronto 2, Canada 
a It is understood you will credit my account in full for any books returned within 10 days. ' 
C) Davson's The Physiology of the Eye” 
00 4 
| 
Elwyn'’s “Diseases of the Retina” 606666 666665566 
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DANGERS 


Few people who have had the ad- 
vantages of professional eyecare 
would be content with inferior 
dime-store glasses, yet many of 
these same people will cheerfully 
go into their drug stores or filling 
stations this summer to buy cheap. 
shoddy so-called “dark” sunglasses. 


As a qualified refractionist, you 
are in a position to point out the 
dangers of inferior glare protec- 
tion, which cannot offer the bene- 
fits of the corrective prescription 


Prescription glasses in Soft-Lite 
4D Sport Shade does two jobs: as 
outdoor glare protection, it offers 
all the advantages of Soft-Lite 
Lenses; as an emergency “second 
pair.” Soft-Lite Sport Shade can 
be worn temporarily in the event 
lenses are broken in the patient's 
regular-wear glasses. 


Whether for relief of light-sensi- 
tivity in regular-wear glasses or for 
prescription protection in the sum- 
mer sun, instead of “tint”. specify 
genuine Soft-Lite. 


you have given the patient. 
Ask your Soft-Lite 
distributor's 


featured in Orthogon show you the 


Soft-Lite Second 
some eyes can take it... e eC ra some eyes cannot 
| 


Pair Plan 
brochure. 
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EUCAPHRINE’ 


STERILE BUFFERED 


A New Synergistic Mydriatic Combination of 
Phenylephrine HCl. 5% 
Eucatropine HCl. 5‘< in a high viscosity 


Methylcellulose (4000 cps.), buffered, low surface tension sterile vehicle. 


OFFERS THE FOLLOWING ADVANTAGES: 


. Rapidity and certainty of action with both deeply pigmented and non-pigmented 


irises.” 
. Relatively short duration of action." 
. No undesirable systemic or local side reactions." 
. No notable increase in intraocular tension.” 
. Great value in the study of the FUNDUS OCULI of the premature infant." 


? Reiter, Carl: A new synergistic Mydriatic Combination. Am. J. Ophth., 35, 
412-413, March 1952. 


* Eucaphrine is a trade mark of the Iso-Sol Co., Inc. 


* Originally developed for, and supplied to Dr. Carl Reiter for the studies 
conducted by the Dept. of Ophthalmology, The Jewish Hospital of Brooklyn, N.Y. 


Available in 71 cc. dropper bottles. 


THE ISO-SOL CO., INC. 


130 Flatbush Avenue 
BROOKLYN 17, N.Y. 
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THE LYLE MAJOR 


AMBLYOSCOPE 
(Standard Model) 


Incorporating the proven features of 
previous Synotype apparatus with the 
suggestions of Mr. Keith Lyle, the 
Lyle Major Amblyoscope is 


The Most Advanced Orthoptic Apparatus Produced 


Specially manufactured to meet the demands of present day technique, the Lyle Major 
Amblyoscope, Standard Model, incorporates the following improved features : 


1. Flevation and Depression Device 6. Hinged Mirrors and Reflectors 10. Concealed wiring 

2. Increased range of Duction Control 7. Noiseless Slide Carriers i. ——_ ccna, to each 
optical tu 

3. Non-slip Duction Locks 8. Supported main roller bearings and Rapeseed tend 

4. Increased Hyperphoria Movement increased mechanical strength ok 


. Transparent breath shield 9. Large, easily visible scales Picture attachment 


Specialists in Orthoptic Equipment including - 


MOORFIELD'S SYNOPTOPHORE - HESS SCREENS . CHEIRO- 
SCOPES . WORTH'S 4 DOT TEST . DIPLOPIA GOGGLES . ROTA- 
TING E TEST «. MADDOX HANDFRAME «. MADDOX WING TEST 
BAR READERS . ETC. 


of England + 63, WIGMORE STREET, LONDON, W.1 


SOLE AGENTS IN U.8.4. CURRY & PAXTON INC. 101 PARK AVENUE, NEW Yor« 17. TEL: LEXINGTON 2-7842 
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ISO-SOL® STERILE and BUFFERED OPHTHALMIC 
SOLUTIONS 


are prepared to give your patients maximum physiologic activity and comfort. They 
have a low surface tension and are especially preserved to prevent invasion by mold 
and bacteria, to minimize the danger of secondary infection due to contamination, 


after opening the bottle. 


TETRACAINE HCl 4% & 1% 
Sterile, ophthalmic topical anesthetic solutions, Iso-Sol® in an isotonic methylcellu- 
lose [4000 cps.} vehicle. 
Well tolerated by ocular tissues. . . . Reactions are almost nil. . . . Anesthesia is more 
rapid, greater and of longer duration than cocaine. . . . NON-IRRITATING, the 


methyl-cellulose base reduces the pain of instillation to a minimum. 
Available in 60 c.c. and 500 c.c. sealed bottles of 4% or 1% ophthalmic solutions. 


MIOTICS for the exacting needs of GLAUCOMA therapy 
Available in Sealed 15 cc. Dropper Bottles 


PILOCARPINE HYDROCHLORIDE PILOCARPINE HCL 2% and ESERINE 
SALICYLATE 


ESERINE SALICYLATE PILOCARPINE HCL 2% and ESERINE 
SALICYLATE %% 


1SO-SOL ESERINE SALICYLATE SOLU- 


TEARISOL* 
(STERILE, ARTIFICIAL TEARS, ISO-SOL®) 
Methylcellulose in Isotonic Saline Solution—Mold and Bacteria Resistant 
FOR THERAPY 
. In tear deficiencies in the post-menopausal woman and the middle-aged man.* 
. In the post-enucleation socket as a lubricant for the prosthesis.* 
. As a protective and soothing medication for diseases of the cornea* and con- 
junctiva. 
. After tonometry. 
. In the lubrication of desiccated tissues. 
* Mims, Jr., S. L., Arch. Ophth. 46: 664-665 (Dec.) 1951. 
Available on Your Prescription in 15 cc. Dropper Bottles 
*Tearisol Is a Trademark of the Iso-Sol Co., Inc. 


Your PHARMACIST can obtain these SUPERIOR SOLUTIONS from his whole- 
saler or write direct to 


THE ISO-SOL CO., INC. 


Qs 


130 Flatbush Ave., Brooklyn 17, N.Y. 
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J-D TRANS-PCRT 


An adjustable transformer with out- 
lets for two diagnostic instruments. 
Outlets are controlled 
independently with resistance 
variable 0 to 6 volts. 

Operates on AC current only. 
Transformer is detachable from 
panel for hospital or home use. 
Indicator light provides 

constant reminder. 

Finest quality material 

provides extra long life. 

When ordering, please state lamp 
voltage and diameter of handles. 


3-D TRANS-PORT ready to travel. Price for TRANS-PORT alone, 
Without panel, shown immediately above, $25.00 


U-B,TRANS-PORT transformer mounted on panel for office or 


hospital use, complete as shown at top right, $30.00 
5 Ask your dispensing optician or write to 


366) POST STREET 19, CALIFORNIA 
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ECENT EVENTS have brought to the fore the 
R necessity for re-examination of methods em- 
ployed in the preparation of eye solutions. This is largely 
attributable to serious eye infections brought about by 
the use of solutions which were presumed to be sterile 


and free from contamination. 


Sterility is not simple of accomplishment, for the prob- 


lems involved are many and complex. England has shown 
awareness for some years, by specifically providing that 
eye solutions be produced under ster- 


ile conditions. 


eye Currently there appears to be a 

S I C T. 7 / / ry movement afoot by various investiga- 
tional groups to remedy this situation. 

It is commendable that sterility has 
finally reached its proper importance. 


We, the staff and management of THE SELNEY COM- 
PANY pledge ourselves to pursue this important subject 
of preparing sterile ophthalmic solutions with all our 
resources and stand ready to join with any and all groups 
in the furtherance of such research. It is our sincere hope 


that we may provide an important announcement to this 


end very soon. 


THE SELNEY COMPANY 


153 WAVERLY PLACE, NEW YORK 14, NEW YORK 
Makers of MY DRIPHEN 
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SURGICAL INSTRUMENTS CO., INC, 
520 FIFTH AVENUE, NEW YORK 18, N. Y. 
ESTABLISHED 1875 


KATZIN SUTURE MASK 


This is a thin but substantial duralumin plate 
with a wide rectangular opening to expose the eye for 
operation. The top and bottom edges of the plate are 
notched so that the direction of tension of two or more 
lid sutures may be maintained. Both sutures and mask 
are held in position by means of mosquito forceps or 
hemostats. The whole plate may be easily bent to fit the 
facial contour. 

Cat. No. C5415 Mask, each $6.00 


RED GLASS MUSCLE TEST 
This is a 60 mm red glass on a 9.0 base curve. The glass is a good 
red, nearly monochromatic and excellent for breaking up fusion. It 
is mounted in either a black or white plastic handle about six inches 
long. Easy to handle and very efficient in use. 
Cat. No. B4146 — Price $7.50 


Large Glass Maddox Rod in long handle (Not Illustrated) $8.50 


PLASTIC COVER TEST 


The same handle as the above in either black or white plastic. In 
lace of the red glass this one has a deep 60 mm cup of self material. 
Especially designed for cover or screen test. You will wonder if the 


white plastic is disturbing. We are told that it is not, though slightly 
translucent. Cat. No. B4145 — Price $3.00 


DIPLOPIA DISC 
(Double end) 


This combines an opaque cup for occlusion or the screen test with a good quality red me- 
niscus lens for muscle tests in the same black plastic handle. Nicely finished and most con- 


venient to use. 
Cat. No. B4147 — Price $8.50 
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Floropryl is particularly recom- 
mended in cases of glaucoma in 
eyes that do not respond to other 
miotics, 


In the 


treatment of 


Glaucoma 


THIS EFFECTIVE MIOTIC AFFORDS 
LONG DURATION OF ACTION 


For reduction of intraocular tension in 
glaucoma, Floropryl® (Di-isopropy! Fluoro- 
phosphate Merck) has several distinct ad- 
vantages: 
(1) High potency against cholinesterase 
(2) Comparatively infrequent need of ap- 
plication 
(3) Prolonged action (greatly exceeding 
that of pilocarpine or physostigmine) 
(4) Virtual freedom from systemic disturb- 
ance 
AVAILABLE in 5 ce. dropper-bottles of a 
0.1% solution in peanut oil. 


LITERATURE containing full information 


on indications, pharmacology, and dosage 
is available on request. 


(Brand of Isoflurophate; DFP) (Di-isopropyl Fluorophosphate Merck) 


is the registered trade-mark of 
Co., Inc. for its brand of isofluro- 
phate (di-isopropy! fluorophosphate). 


MERCK & CO., Inc. 
Manufacturing Chemists 


RAHWAY, NEW JERSEY 
In Canada; MERCK & CO. Limited —Montreal 
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the most automatic lens measuring instrument made today 


THE FRONTOFOCOMETER 


A new and accurate lens measur- 
ing instrument for determining 
power, decentration, and prism in 
any lens or combination of lenses. 


It has a totally new and different target which is very easy ‘to read. 
Target consists of a large double green circle with three small green 
circles spaced on a line in the large circle. This results in greater accuracy 
in focusing because the double circle blurs into a single circle if perfect 
focus has not been attained. Cylindrical lenses elongate the three smaller 
circles so that axis is easily found—and the centers accurately spotted. 


| 


Unusual spotting device—merely pull a “trigger” and points are auto- 


matically inked and the center dotted. 


This precision designed instrument has a range of +20.00 to —20.00 
diopters and prismatic measurement of 5 prism-diopters. 


Lamp, slide and reading scale are enclosed against dust. 


Automatic contact off-on switch. 


Instrument can be tilted and locked in any position for your convenience. 


che House of Vision 


30 NORTH MICHIGAN AVENUE, CHICAGO 
MILWAUKEE + MINNEAPOLIS « DES MOINES 
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CONJUNCTIVITIS: 

4% solution. 

For rapid relief of congestion, itching, 
smarting and lacrimation. 


UVEITIS, POSTERIOR SYWECHIAE: 
WIDE ee 10% solution or 10% ne 
: For freeing recently formed posterior 


synechiae as well as for prevention of 
APPLIC I synechiae formation in uveitis (with : 
IN~ 
OPHTHALMOLOGY 
Neo-Synephrine hydrochloride, GLAUCOMA (certain cases and tests): 

, — solution, 10% emulsion or 2.5% 
because of its dependable 
icti iati : sion and for the provocati f 
vasoconstrictive and mydriatic actions, prorat - or ative test for 
has many indications in ophthalmology 


2.5% solution or 10% ! 
For short acting powerful mydriatic effect, 
applied 30 to 60 minutes preoperatively. 


Stans 


NEW YORK 18. N.Y. WINDSOR. ONT. 


Neo-Synephrine® 


HYDROCHLORIDE 


Brand of phenylephrine hydrochloride 
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FIG. 1 


FIG. 2 


FIGS. | AND 2 (POLEFF) (FIG.1) INCLUSION BODIES OF TRACHOMA UNDER SLIGHT MAGNIFICATION (POLEFF STAIN) 
(FIG. 2) INCLUSION BODIES OF TRACHOMA. SHOWING ELEMENTARY AND INITIAL BODY FORMS (POLEFF STAIN. X!.O00) 


| 
ee 
‘ 
§ 
4 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


Votume 35 


MAY, 1952 


Numper 5, Part | 


SIMPLE AND RAPID CONTRAST STAINING OF TRACHOMA BODIES* 


L. Porerr, M.D. 
Rabat, Morocco 


The etiologic role of the trachoma bodies, 
discovered in 1907 by Prowazek and Hal- 
berstaedter (Prowazek-Halberstaedter in- 
clusion bodies), and whose living nature has 
been shown by cultures in vitro and in in- 
cubated hen eggs ( Poleff, 1936; Cuenod and 
Nataf, 1938; Macchiavello, 1941), seems 
now to have been proved beyond any possible 
doubt.* 

These formations of the rickettsioid-cor- 
puscular type reveal, both in the conjunctival 
cells invaded by them and in the cultures in 
appropriate tissues, the various stages of de- 
velopment (cycle of evolution or different 
forms of resistance) of an ultravirus which, 
according to its morphobiologic characteris- 
tics belongs to the pararickettsia group: 
Pararickettsia trachomatis (Prowazek and 
Halbersteadter, 1907 ; Poleff?). 

The principal evolutionary forms of this 


ultravirus (initial bodies and elementary cor-. 


puscles) are differentiated by their size and 
their color affinities. The initial bodies are 
basophils and the elementary corpuscles in 
their pure state are acidophils. In conse- 
quence, with the classical Giemsa stain, the 
former give dark-blue and the latter red. 
However, owing to the various transitional 
forms between the two principal stadia just 
named, it is not always easy to identify in a 
clear way these forms on a color pattern. 
In addition from a morphologic point of 
view, since the trachoma bodies and in par- 
ticular the elementary corpuscles, by their 


* From the Centre d’Ophtalmologie et de Tracho- 
matologie Experimentale, Maréchale Lyautey. 


typical intracellular seating and their gen- 
eral aspect, present all the characteristics of 
infragerms, the viroscopic examination in a 
case of trachoma necessitates a far from 
negligible study in order to differentiate this 
multiform rickettsioid virus from the numer- 
ous multicolored granulations which one al- 
ways comes across in trachomatous scrapings 
treated by Giemsa stain. 

When one recalls that even trachoma ex- 
perts must examine many thousands of epi- 
thelial cells before giving a definite verdict 
as to the presence of trachoma bodies, one 
realizes the number of hours it sometimes 
takes to make a viroscopic examination in a 
single case in which trachoma is suspected. 

Every trachomatologist, practitioner as 
well as research worker, would like to have 
a simple staining method which permits a 
rapid and sure identification of trachoma 
bodies, for none of the methods employed in 
general virology seem to have the same char- 
acteristics in cases of trachoma. 

Among these methods that of Macchiavello, 
now of general use for the rickettsia, seems 
to be of particular interest. I have used it at 
the Institut Pasteur at Paris in the laboratory 
of Paul Giroud whose work in this field is 
widely known. I was convinced that the 
trachoma bodies are not stained in a typical 
way—to a ruby red—with Macchiavello’s 
method (that is, basic fuchsine, citric acid, 
and methylene blue rapidly applied). 

In pursuing this line of investigation in 
Morocco, and in practicing successively the 
different phases of this staining method, I 
noticed that the application of fuchsine alone, 
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upon which Macchiavello’s method was orig- 
inally based, does not permit the distin- 
guishing of trachoma bodies. 

A better, though not very satisfactory, re- 
sult is given by staining with methylene blue 
untreated by citric acid.* But citric acid, 
used previously alone or in mixture with 
methylene blue and for a longer time, gives 
a perfect contrast staining. Intracellular in- 
clusions and free elementary corpuscles 
stain in red with a violet tinge on a blue 
background distinctly differentiated and 
traceable even after only slight magnification 
(figs. 1 and 2). 

It seems then that methylene blue treated 
with citric acid is capable of modifying the 
stain in the presence of trachoma bodies 
which thus become stained distinctively and 
clearly from the rest of the preparation. This 
property of methylene blue to change color 
under certain chemical conditions is well 
known (Codex, p. 120, 1937). 

In order to study this characteristic in re- 
lation to trachoma bodies I made a series of 
experiments controlled by different chemicals 
(mineral and organic acids, alcohol acid, al- 
cohol, and so forth) and came to the conclu- 
sion that the modification of the staining 
is due rather to the alcoholic function than 
to the acid function of the citric acid. In 
fact, I obtained the same staining by adding 
ammonium citrate to the methylene blue in- 
stead of citric acid; that is to say that, when 
the acid function of the methylene blue was 
stopped, the alcoholic function was able to 
operate. 

This observation, very important to ex- 
aminations for trachoma, may also be useful 
in general virology. 

My staining technique is thus reduced to 
a single operation and consists of staining 
for three minutes the scrapings which have 
been fixed by flame with a solution of 1.0 gr. 


* The best results were obtained with American 
methylene blue (product of Chemo-Puro Manufac- 
turing Corporation, New York). 


L. POLEFF 


methylene blue and 0.50 gr. of citric acid in 
100 cc. distilled water. The citric acid may 
be replaced by the citrate of ammonium or 
by acetic or lactic acids. 

The method here described differs, there- 
fore, from that of Macchiavello both in its 
principal agent, (methylene blue instead of 
fuchsine) as well as in its technique. I call it 
“staining by citrate methylene blue” and 
consider it, for the moment, to be the most 
practical method for rapid diagnosis of the 
trachoma bodies.** 

Up to the present I have applied it suc- 
cessfully in more than a 1,500 control and 
trachoma scrapings collected with an epi- 
demiologic aim—in particular, for the track- 
ing down of trachoma-body carriers among 
the Moroccan school-children.® 

This research shows the following results : 

Out of 219 certain cases of trachoma, 
94.5 percent were bearers of trachoma bodies. 
Among 281 apparently healthy subjects or 
doubtful carriers 42.3 percent were revealed 
to be carriers of proved trachoma bodies. 

Thus for the first time and by direct viro- 
scopic examination on a large scale, the ex- 
istence of carriers of trachoma infection 
among apparently healthy individuals and 
the presence of infection in patients with no 
apparent symptoms were objectively proved. 

The establishment of this fact is of prime 
importance to the prophylaxis of trachoma, 
not only on an individual level but also on a 
social and international level. 


SUMMARY 


I propose a new staining method for tra- 
choma bodies called “staining with citrate 
methylene blue.” 


TECH NIQUE 


1. Fixation by flame. 

2. Stain for three minutes in a mixture of 
1.0 gr. of methylene blue and of 0.50 gr. of 
citric acid in 100 cc. of distilled water. 

3. Rinse with ordinary water. 
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The advantages of the technique are rapid- 
ity and extreme simplicity, as well as clear 


Trachoma bodies stained a vivid violet-red differentiation and perfect contrast of stain- 


on a clear blue background (figs. 1 and 2). _ ing. 
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EFFECTIVE AND SAFE RADIATION OF THE ANTERIOR SEGMENT 
OF THE EYE* 


Eviort B. Hacue, M.D. 
Buffalo, New York 


There are several modalities of radiation 
which are at present available to the ophthal- 
mologist for the treatment of disease of the 
anterior segment of the eye. It is the purpose 
of this paper to comment upon the physical 
aspects of these various sources and also to 
include some personal experiences in the 
handling of several of them. 

The use of radium for treatment of eye 
disease, including deeply situated lesions 
(where gamma radiation is required), is not 
new. More recently well-founded claims have 
been advanced for the efficacy of beta ir- 
radiation of the anterior segment.’ It is 
necessary to emphasize that depth of pene- 
tration varies widely with various sources 
of radiation, and that consequently data on 
depth dosage presented in this paper can be 
used to select wisely sources of radiation for 
differently situated lesions. 

Appreciable radiation dosage is required to 
treat vascular lesions of the cornea and con- 
junctiva; here, in order to avoid radiation 
cataract, it is important and feasible to se- 
lect a source which will not irradiate as deeply 
as four mm., the approximate distance of 
the lens from the surface of the human eye.” 

It is possible that the important investiga- 


* From the Millard Fillmore Hospital. 


tion being undertaken at Northwestern Uni- 
versity Medical School on the site of tissue 
involved in the production of radiation cata- 
ract will throw further light on this aspect 
of the criteria of safety of beta irradiation 
of the eye. For the present, and from the 
practical standpoint, the view expressed 
above appears adequate. 

At the same time, since both alpha rays 
and the variety or spectrum of beta rays se- 
cured from radium-D are filtered out by 
extremely small distances, it is frequently 
important to choose a source that will deliver 
therapeutic radiation within the substance of 
the cornea, or on its inner surface. Further- 
more, the radiating element itself cannot be 
applied at precise contact to the cornea; it 
can be held no closer to the cornea than the 
thickness of the inert metal on the face of 
the plaque plus the varying distance of the 
curved cornea from the usually flat plaque 
surface. 

In other words, the aim, in treating the 
anterior segment, should be to attain ade- 
quate delivery of radiation in the tissue at 
the various depths of vascularization or other 
lesion without penetration deep enough to 
injure the lens. Data herewith indicate that 
this can be accomplished. 

The following modalities will be consid- 
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ered: low-voltage X rays (including the so- 
called contact therapy generator), Grenz 
rays, beta radiation from a radium plaque, 
from radon, from a radioactive isotope of 
strontium, and from a “radium-D”’ plaque, 
all used to treat vascular and lymphoid le- 
sions and scars of the anterior region of the 
eye. 

Radiation such as X rays and radiations 
from radium and its disintegration products 
have been a modality of treatment of certain 
human diseases since their discovery approxi- 
mately 50 years ago. The degree of biologic 
responses to these sources of radiation may 
be said to be the result of three factors: 

1. The total dose received by all parts of 
the tissue irradiated. 

2. The time during which the exposure 
was made. 

3. The number and frequency of radiation 
treatments. 

The degree of penetration of X rays 
(depth dose) is a function of the wave 
length of radiation, the distance from the 
source of radiation, and the size of the area 
treated. Filters may be introduced to change 
the wavelength distribution by absorbing 
the long wavelength components, thus mak- 
ing the X-ray beam more penetrating. 

Similarly, the depth dose from radium con- 
tains beta particles with variable velocities 
and gamma rays of varying wavelengths. 
Radium also emits alpha particles which are 
biologically active but these particles are so 
large that they do not travel more than the 
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thickness of a sheet of paper and are filtered 
out in the applicators which we use by the 
thickness of the Monel metal on the face of 
the applicator. Since beta particles are also 
material and have weight, they do not travel 
far and are so effectively filtered out within 
the distance of a few millimeters that, by 
selecting the source of the beta irradiation, 
the depth of tissue responses can be very 
accurately controlled. 

Gamma rays are electromagnetic radia- 
tions and are a part of the spectrum which 
includes visible light. Gamma rays, like other 
electromagnetic waves, travel far, and when 
platinum instead of Monel metal is used to 
face the radium of the plaque most of the 
beta rays are filtered out. The resulting pre- 
ponderance of gamma can cause intraocular 
damage. 

Radium rays as ordinarily used for the 
treatment of cancer are indeed rather heavily 
filtered, so that the relatively nonpenetrating 
beta particles which comprise over 98 per- 
cent of the total emission from radium will 
not burn or overtreat nearby tissues. Such a 
filtered radium applicator, with an effective 
dosage of less than two percent of its total 
biologically active radiations, is ordinarily 
applied for hours at a time and provides so 
much depth of penetration that with it the 
lens of the eye might be damaged before a 
superficial lesion could be adequately treated. 

On the other hand, an “unfiltered” radium 
plaque faced with Monel metal which does 
not obstruct the passage of either beta or 
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ESTIMATED PERIOD OF TIME IN WHICH HALF OF ANY SAMPLE |S TRANSFORMED INTO 


THE NEXT SUBSTANCE IN THE SERIES. 


Fig. 1 (Hague). Radioactive disintegration from radium through radium E. 
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TABLE 1 


THIS TABLE SHOWS THE GREATER VELOCITY OF BETA PARTICLES FROM RADIUM (WHICH INCLUDES 
IN EFFECT RADIUM-B AND C), THAN FROM RADIUM-D 


Ra Rn RaA RaB RaC RaD 
1696 385 3.0 26.8 19.5 16.5 


vr. days min. min. min. yr. 
Velocity of B particles 0.36 0.786 0.33 
where light equals 1 0.41 0.862 0.39 
0.63 0.949 
0.70 0.957 
0.74 


gamma radiation to any extent gives off over 
£8 percent of radiation which penetrates only 
2 few millimeters ; and in the brief period of 
t me necessary to obtain therapeutic results 
vith the high proportion of beta radiation 
from unfiltered radium, the more deeply 
j enetrating gamma content of the dose may 
te ignored. 

This statement is confirmed by the data 
accompanying this paper and by nine years’ 
personal experience with the application of 
unfiltered radium to the eye. During this 
period I have not been aware of observing 
any damage to the lens, and it is my impres- 
sion from a personal review of literature that 
so far as can be determined from data pre- 
sented, ocular damage resulted only from in- 
cautious or heavy dosage of gamma. 

In considering the relative depth of pene- 
tration of radium and radium-D, let us refer 
to the diagram (fig. 1) showing the degen- 
eration series of radium. The average ener- 
gies of beta rays omitted by radium-B and C 
(which give off the effective radiation from 
radium itself) are appreciably greater than 
the energies from radium-D and E. This is 
evident in the depth dose curves which we 
have measured and calculated. 

(Radium-D and E are constantly accumu- 
lating in any radium applicator but because 
of the long life of radium-D, the number of 
these atoms exploding per second is very 
small and their contribution is negligible in 
the beta radiation from a radium applicator, 
where the beta source is primarily from ra- 
dium-B and C, whose life is virtually meas- 
ured in minutes.) 


RaE RaF RaG 


5.0 136 Half-life Period 
days days 
Velocity 


Furthermore, referring to Table 1, it will 
be seen that the velocity of the beta rays 
virtually from radium (radium-B and C) is 
greater, and consequently the penetration is 
deeper, than from radium-D (+E). 

The various rays from radium ionize 
gases, effect photographic plates, modify liv- 
ing tissue, and produce other rather striking 
effects. Most of these effects have been used 
to measure radiation. Methods of measure- 
ment include certain chemical reactions 
which Roentgen himself referred to, fluores- 
cence, electrical resistance, estimation of ery- 
themal changes in skin, measurement of heat 
produced by the absorption of radiation in 
metals, measuring of ionization effect, and 
photography. 

For the measurement of a flat plaque of 
radium or radium-D, where the active ma- 
terial is as flat a layer as possible, the photo- 
graphic method is probably the best. Using 
this method, and as well a biologic estima- 
tion, that of comparing the erythemal re- 
actions of skin, we find that both radium and 
radium-D do not produce enough penetrat- 
ing radiation to injure the lens of the eye 
with anywhere near the doses that easily 
could or would be employed. Dosage is 
limited by the fact that beta irradiation, more 
or less confined to a surface, will produce 
severe burns with a good deal less dosage 
than would be necessary to deliver effective 
gamma irradiation. 

The depth dose determinations* were 


* The photographic calibrations in this paper were 
made by Dr. Melvin Reinhard, Roswell Park Insti- 
tute, Buffalo, New York. 
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Fig. 2 (Hague). Depth dose curves of radium 
and radium D (D-E). 


Fig. 3 (Hague). Depth dose curves from Figure 
2 charted on straight codrdinates to show linear 
relationship. 
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made by exposing a photographic film 
wrapped in a single thickness of light proof 
paper to the plaque as follows: 

A series of graduated exposures were 
made with the plaque directly on the film 
envelope. Another series of graduated ex- 
posures were made with the film in a 
phantom one, two and three millimeters be- 
low the plaque. All series of exposures were 
made on one film so as to avoid variation 
in sensitivity in films and also to guard 
against differences incident to the processing 
of several films. Film densities at depth were 
matched in a photometer with a surface ex- 
posure and the depth intensity computed on 
the basis of the durations of time needed to 
produce equal film density on the surface 
and at depth. 

By referring to our data, it will be evident 
that the amount of radiation from radium, 
and particularly from radium-D, falls off 
sharply with each millimeter of distance 
from the source. This is shown graphically 
on semilogarithmic coOrdinates (fig. 2) 
which, while they distort Cartesian compari- 
son, show by virtue of the nearly straight 
line produced in each case that a main fac- 
tor affecting the dose at any depth is the 
square of the distance, thus producing a 
theoretical check on our measurements. 

In Figure 3, a Cartesian graph shows with- 
out logarithmic distortion the extreme dif- 
ference in penetration of irradiation from 
radium and from radium-D. 

Reading from the graph, the plaques of 
radium and radium-D delivered an equiva- 
lent amount of radiation at contact. At one- 
mm. distance, radium delivered 47 percent 
of the contact dose and radium-D, 21 per- 
cent. At two mm. radium delivered 24.5 per- 
cent of the contact dose and radium-D, 4.5 
percent. At three mm., radium delivered 13.5 
percent of the contact dose and radium-D, 
no quantity measurable photographically. At 
four mm., radium delivered 7.7 percent of 
the contact dose and, at five mm., it should 
theoretically deliver 4.5 percent. 
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Figure 4+ shows the relative effect of 
radium and radium-D plaques on skin with 
exposure at the same distances from the skin 
surface. It can be seen that radium-produced 
visible effects at a distance of one and two 
mm., whereas, radium-D barely produced 
erythema at one mm. This biologic method is, 
of course, not as exact as measuring the 
emission from plaques at selected distances 
with photographic plates (table 1). 

We have also calculated the depth dose 
curve for a contact therapy unit for an X-ray 
tube with a beryllium window and for Grenz 
rays. These values are shown in Figure 5. 
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Fig. 4 (Hague). Erythema produced by radium 
and by radium-D plaques. (Right hand column 
shows erythema from oblong radium plaque at con- 
tact, 1 mm., 2 mm., 3 mm., 4 mm. The left hand 
column shows erythema from radium-D plaque 
at contact, 1 mm., 2 mm., 3 mm., 4 mm. The areas 
of erythema produced at 4-mm. distance are nearly 
cut off by the lower margin of the photo. Vesicula- 
tion was present where the photo shows mottling.) 
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Fig. 5 (Hague). X-ray depth dose curves. 


Voltage Filter Distance Area 
Curve] 60K.V. None 20cm. 1 sq. cm 
Curve2 45 K.V. None 2cm. 1 sq. cm 
Curve 3 30 K.V. None 15cm. 2 sq. cm 
Curve 4 12K.V. None 9 cm. 


The conventional X-ray therapy generator 
would seem to have slight application where 
it is desired to limit treatment to the an- 
terior segment of the eye. The X-ray gen- 
erators used by the dermatologist permit 
operation at low voltage and fairly short 
treatment distance. Referring to the typical 
dose curve for such a generator (fig. 5, 
curve 1) it is evident that for ophthalmologic 
lesions which lie at depths not exceeding 
four mm., the radiation dosage delivered to 
tissues such as the lens, deeper than the 
lesion, would be appreciable and only slightly 
less than that received by the lesion itself. 

A decrease in operating voltage as well as 
a marked decrease in treatment distance re- 
sults in the depth dose curve shown in Figure 
5, curve 2. This is a typical depth dose curve 
for the so-called contact therapy unit when 
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Fig. 6 (Hague). Depth dose curves with plaques 


in contact. 


Curve 1. Conventional radium plaque 
Curve 2. Radiostrontium applicator 
Curve 3. Radium-D + E plaque 


operated at 45 kilovolts with a treatment dis- 
tance of only two cm. The depth values 
shown in this curve are in the right direc- 
tion of lesser intensities at depth. This gen- 
erator produces approximately 200 r (roent- 
gens) per second thus making the delivery 
of small doses of radiation a difficult mat- 
ter of correct timing. Scheie and others*® 
have reported on the effect of radiation from 
this type of generator on the normal and 
vascularized cornea of the rabbit. 

The development of X-ray tubes with a 
beryllium window is a recent improvement. 
When this type of tube is operated at 30 
kilovolts and at 15 cm. distance, the result- 
ing depth values are as shown in Figure 5, 
curve 3. From this curve it is evident that 
the dose has been reduced to approximately 
10 percent at four-mm depth. This modality 
would therefore seem to have potential ap- 
plication in the treatment of superficial eye 


disease, although the accompanying curves 
show that it is not as safe as radium or Grenz 
rays. 

A still further reduction in the depth dose 
results from the use of Grenz rays gen- 
erated at 12 kilovolts. The curve shown in 
Figure 5, curve 4, represents the depth values 
when this generator is used at a treatment 
distance of nine cm. Here the decrease in 
depth dose is to one percent at four-mm. 
depth. As the curve shows, this modality 
would appear indicated for very superficial 
lesions. 

Since the first disintegration product of 
radium is radon, a gas, it is possible to re- 
move this gas from radium in solution and 
compress it within a small glass bulb whose 
walls are thin enough to permit the escape 
of the beta rays. The radon gas disintegrates 
according to the chart of Figure 1 and owes 
its beta-ray activity to that portion which has 
broken down to become radium-C. 

The radon bulb can have a radiation out- 
put equivalent to as much as 0.5 gm. of 
radium, which makes the treatment time very 
short, conveniently but perhaps somewhat 
hazardously short. 

It has a half-mile period of 3.85 days 
which means that it is losing 16 percent of 
its strength every 24 hours. After a short 
time its beta-ray activity is reduced to a level 
that makes it impractical to use. A good deal 
of apparatus and highly trained personnel 
are required to collect and calibrate radon. 

The radio-isotope of strontium (Sr® is 
also an emitter of beta rays whose energies 
lie between those of a radium plaque and a 
radium-D plaque and therefore the depth 
dose curve should lie between them. Curve 
3, Figure 6, is that of a strontium 90 plaque 
as presented by Friedell and others* who 
have written concerning the use of this 
plaque in eye disease. 


CLINICAL OBSERVATIONS 


My own interest in the use of radium in 
the treatment of eye diseases dates from 
1942, following the publication of Dr. Alan 
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RADIATION OF THE ANTERIOR SEGMENT 


C. Woods’s® important article on the subject 
and a conversation with Dr. Sanford R. Gif- 
ford. Impressed with the results which Dr. 
Irving Puntenney and Dr. H. E. Davis ob- 
tained with a case of tubercular interstitial 
keratitis which I referred to them in that 
year, I began to use radium in the treatment 
of vascularized sclerosing keratitis and then 
in certain other eye diseases. 

I mention here my own impressions of the 
results to be obtained from beta irradiation 
only to add to the weight of evidence 
gathered by a number of competent and more 
or less enthusiastic observers. 

At first I used radium rather sparingly 
and I do not claim experience in applying it 
in all of the eye diseases in which good re- 
sults have been reported. Because of the 
somewhat complicated nature of some of 
these eye diseases and the tendency which 
they have toward more or less spontaneous 
remissions, I do not believe that a statistical 
analysis of my results would be worth while. 

For some time, however, I have been fully 
convinced that beta irradiation of the ex- 
terior tissues of the eye is both safe and help- 
ful. It produces marked benefit in several 
conditions for which I know no other effec- 
tive treatment, notably in sclerosing keratitis 
and in the prevention of the recurrence of 
pterygium following excision; the tendency 
of a pterygium to recur, is well known. It 
is also my impression that beta irradiation 
promotes the clearing of scarred corneas, 
particularly where the scar is a recent de- 
velopment, and that it may be effectively 
used in conjunction with calsulfhydryl for 
this purpose. 

For the benefit of those who have not used 
radium extensively in the treatment of eye 
disease, it may be well to call attention to 
the fact that the beneficial effect of radiation 
upon the anterior segment quite clearly be- 
comes apparent some weeks after the ap- 
plication. 

With a plaque containing 20 mg. of radium 
distributed over a radiating surface of ap- 
proximately 60 sq. mm., applying the plaque 


Fig. 7 (Hague). Curved radium plaque. 


directly at contact with the lesion for a 
period of 12 minutes, using instillation 
anesthesia, and keeping the surface of the 
cornea moist, is in my hands a typical dose, 
which might be repeated once a week for a 
total of four such doses; after a rest period 
of four to six weeks, when benefit from the 
radiation may begin to be in evidence, simi- 
lar divided doses may be applied for a com- 
parable series. 

Consideration of the rapid falling off of 
effective radiation from radium within a few 
millimeters from the source has led me to 
design a curved plaque (fig. 7) which more 
nearly fits the contour of the eyeball. 
Theoretically, the surface of the plaque 
might be curved in each meridian, but prac- 
tically it has proved difficult enough to se- 
cure a plaque curved in one axis and, for 
various practical reasons, including the pos- 
sibility of using this plaque over the sclera 
or on the skin of the lids, it has seemed best 
not to bring this curve to the actual corneal 
curvature. 

With a flat plaque, such as I formerly used, 
applied at tangent contact with the cornea, 
the calculated effective dosage for various 
parts of the plaque at various depths in the 
cornea is shown in Figure 8, which also pre- 
sents a similar table for the curved plaque. 
The much more even dosage from the curved 
plaque is by this comparison evident. 

Since dosage time with unfiltered radium 
is short, a matter of minutes, it should be 
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LOS$ DEPTH DOSE DUE TO CORNEAL CURVATURE 


Fig. 8 (Hague). Comparison of loss in depth from 
ends of flat and curved applicators. 


possible to apply a curved applicator directly 
to malignant tumors of retina and choroid, 
exposing the choroid as in scleral resection, 
without the danger to the lens associated with 
X rays. 

It remains to be noted that, whereas the 
radium plaque gave a quite uniform photo- 
graphic image, the radium-D plaque did not, 


indicating that the radioactive material in the 
radium-D plaque was irregularly distributed. 
This irregularity of distribution was rather 


marked, and would seriously affect control 
of dosage. 


CONCLUSIONS 


The application of various radioactive 
substances to the anterior segment of the 
eye has been discussed, particularly from the 
standpoint of safe but effective therapy. 
Depth dose curves of radium and radium-D 
were calculated from photographic measure- 
ments. Depth dose curves of radioactive 
strontium and of various X-ray modalities 
were calculated. 

In view of the marked differences in the 
depth curves of the two types of plaques, 
not widely apprehended, it is not surprising 
that considerable confusion exists among the 
users of these plaques. The radium-D plaque 
for very superficial lesions would be ex- 
pected to be as effective as the radium plaque 
but lacks sufficient penetration for slightly 
deeper lesions. The fact that radium in a 
curved applicator appears most satisfactorily 
to fulfill the criteria in this limited area, 
for safe but effective therapy, has been com- 
mented upon. 

1109 Delaware Avenue (9). 
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THE RESULTS OF BETA IRRADIATION IN OPHTHALMOLOGY* 


A REPORT OF 123 CASES 


Manousos A. PetroHetos, M.D. 
Ann Arbor, Michigan 


Until a short time ago radium therapy for 
eye conditions was usually limited to the 
treatment of vernal conjunctivitis and cer- 
tain malignant ocular lesions. In 1939 Woods* 
reported encouraging results in the treatment 
of tuberculosis of the anterior ocular seg- 
ment with beta irradiation. 

A year later Burnam and Neill? published 
their experience in the same type of treat- 
ment which they applied to a number of eye 
conditions such as corneal scars, pterygiums, 
corneal vascularization, scleritis, and vernal 
catarrh. Burnam designed an applicator con- 
taining radon as a source of beta irradiation 
and this same applicator was used by Woods' 
and Iliff. 

The interest recently stimulated in this 
type of irradiation has been due mainly to 
the contributions of such workers as Ruede- 
mann,** Hughes and Iliff,** and others, and 
to the greater development of corneal sur- 
gery. 

There are three different rays in radium 
emanation—the alpha, beta, and gamma rays. 
Alpha particles have a minimal penetration 
and are of limited value therapeutically. The 
beta rays are electrons and have low penetra- 
tion power, being completely absorbed by 
either one mm. of lead or two mm. of brass. 
About 60 percent of beta rays that are ap- 
plied to the surface of the cornea reach a 
depth of one mm. Only 10 percent remain at 
a depth of five mm. 

Gamma rays, usually employed alone in ra- 
dium therapy, are radiations which are anal- 
ogous to ordinary light and roentgen rays. 
They have a high penetrative power, even 


* From the Department of Ophthalmology, Uni- 
versity of Michigan, presented at the Centennial 
Conference of the University of Michigan Medical 
School, September, 1950. 


for the most dense materials. When the 
limited penetration of beta rays is consid- 
ered, it is evident that in the eye its useful- 
ness is limited to treatment of the cornea and 
sclera. 

Beta-radium therapy is useful in the treat- 
ment of vernal conjunctivitis? ** and in 
anterior ocular tuberculosis’* as it reduces 
pain and shortens the course of the disease. 
It is very helpful in corneal lesions where 
vascularization is to be inhibited or pre- 
vented, and especially in cases of lamellar 
keratectomy,”* where beta irradiation pre- 
vents postoperative granulation and inhibits 
the overgrowth of connective tissue. 

There are several types of applicators used 
for beta-radium therapy: the original Bur- 
nam-Neill? applicator, containing radon as a 
source of beta irradiation ; and new applica- 
tors introduced recently are the so-called 
radium-D*~* applicator which is a source of 
pure beta rays, and the Sr®”® containing 
strontium. 

For the past two and one-half years the 
Department of Ophthalmology has been us- 
ing beta irradiation in over 150 eyes. The 
treatment was carried out in conjunction 
with the Department of X-ray Therapy of 
the University Hospital. 

The beta irradiation employed in the 
treatment considered in this report was used 
in the form of a radium plaque. The appli- 
cator contained 10 mg. of radium over an 
area of one square centimeter and had a 0.2- 
mm. thickness of Monel-metal filter. The 
dosage rate in rep (roentgen-equivalent- 
physical) at the surface of the applicator is 
not known precisely, but is more than 100 
rep/minute but less than 170 rep/minute. It 
is believed that the approximate rate is 125 
rep/minute and this is the value used in de- 
termining the data given below. 
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METHOD OF TREATMENT 


The eye was anesthetized with 0.5-percent 
pontocaine and the applicator was applied in 
direct contact to the area to be treated. The 
total dose depended entirely on the condition 
treated and the response to the treatment. 
According to the recent bibliography,”* a 
dose of about 6,000 rep fractionated over 
three weeks is sufficient to obliterate corneal 
vessels and yet to be well tolerated by the 
surrounding tissues. In this study a much 
more conservative program was followed in 
an attempt to find the minimum effective 
dosage. 


RESULTS OF TREATMENT 


Various types of keratitis. Out of the 123 
cases, 95 belonged to this group (table 1). 
Of these, 26 were patients with eczematous 
keratoconjunctivitis, 28 with tuberculous 
kerato-iritis, 13 with sclerosing keratitis, 11 
with luetic interstitial keratitis, and seven 
with corneal scarring and vascularization. 

Also included in this group was one case 
with traumatic keratitis, two with post- 
herpetic disciform keratitis, one with num- 
mular keratitis, one with fascicular keratitis, 
two with Mooren’s corneal ulcer, two with 
acne rosacea keratitis, and one with epidemic 
keratoconjunctivitis. 

Lesions were considered healed if the eye 
Was quiet with no corneal infiltrates and no 
flare or cells, and the patient was under ob- 
servation for a year. Four cases out of 95 
belonged to this group. In eight cases the 
mentioned criteria for healing were present 
except that the period of observation was less 
than a year. These eight cases were, there- 
fore, placed in the group showing improve- 
ment. 

Eyes were considered improved if there 
was a definite decrease of corneal infiltration 
and vascularization and an improvement in 
the subjective symptoms; 69 out of 95 be- 
longed to this group. Eyes were classified as 
unimproved if, despite the treatment, there 
was no appreciable change at the end of the 
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observation ; 22 patients belonged to this lat- 
ter group. 

In 27 cases, which had the clinical symp- 
tomatology of tuberculosis of the anterior 
ocular segment, the condition responded well 
to beta irradiation, as did the patients with 
eczematous keratoconjunctivitis. However, 
irradiation cid not prevent future attacks. 

The 11 cases with luetic interstitial kera- 
titis, included in this group, responded poor- 
ly to the beta treatment, as did the cases with 
lupus erythematosus and acne rosacea. 

The mode of action of beta irradiation in 
keratitis is not well known. According to the 
literature’ *"* beta and grenz rays increase 
the antibody reaction in the cornea and it 
may be that the beneficial result is obtained 
in this way, or perhaps the treatment at the 
limbus produces occlusion of the vessels and 
decrease in vascularity results in improve- 
ment. 

Pterygia. In cases of pterygia, where a re- 
currence is seen after operation, beta irradia- 
tion is especially valuable.*-* Of 16 cases 
(table 2) of pterygia treated with beta ir- 
radiation, eight had been operated. In five 
out of the 16 the pterygium became inactive 
after the beta treatment while 10 showed im- 
provement with decrease in vascularization 
and one did not respond. 

Episcleritis. Four cases with episcleritis 
(table 3) were treated with beta irradiation. 
Of those three were recurrent in type, one 
was cured, and three showed improvement at 
the end of the observation period. 

Corneal dystrophies do not respond to beta 
rays. Three cases of various types of corneal 
dystrophies showed no improvement after 
beta irradiation (table 4). 

Vernal conjunctivitis. According to the 
bibliography excellent results have been ob- 
tained in vernal conjunctivitis. Recurrences 
are less frequent and there is an improve- 
ment of subjective symptoms. In this series 
only five cases of vernal conjunctivitis are 
included (table 5). Of these one showed im- 
provement and four showed no appreciable 


change. 


IRRADIATION IN OPHTHALMOLOGY 


TABLE 1 


CASES OF KERATITIS TREATED WITH BETA IRRADIATION 


Diagnosis 


No. of | 
Treat- 
ments | 


In- 


terval | 


| Luetic interstitial kera- | 

titis | 

| Luetic interstitial kera- | 
titis 


| Traumatic keratitis 
| with scarring and vas- 
| cularization 


Postherpetic disciform 
keratitis 

Nummular keratitis 
with corneal infiltra- 
tion and vasculariza- 
| tion 


Disciform keratitis 

Mooren’s corneal ulcer 

Fascicular keratitis 
Acne rosacea—kerato- | 


conjunctivitis | 


Luetic interstitial kera- 
titis 


Luetic interstitial kera- 
titis 


Luetic interstitial kera- 
titis 


Luetic interstitial kera- 
titis 


Luetic interstitial kera 
| titis 

Luetic interstitial kera- 

titis 

Luetic interstitial kera- 
| titis 

Luetic interstitial kera- 

titis 


Luetic interstitial kera- 
titis 


Acne rosacea keratitis 


| Stage IV trachoma 
Trachomatous panus 


Stage IV trachoma, 
Trachomatous pannus 


Deep corneal scarring 
and vascularization 


Corneal scarring and 
| vascularization 


| Corneal leukoma and 
deep vascularization 


Diffuse superficial & 
deep corneal infiltra- 
tion & vascularization 


* Roentgen equivalent physical. 


5 


10 


| 


2625 0.U. 


| 1375 OS. 


1250 


1250 0.U. | 


| 1250 0.U. 


1000 0.U. 


1250 O.D. 


1250 O.S. 


1625 O.D. 
1500 O.D. 


1250 O.U. 


750 0.U. 


1250 0.U. | 


1250 O.U. 


1250 O.U 


| 1250 0.S 


1375 O.D. 


| 1250 0.U. 


| 1250 0.U. 


| 


| 1250 O.D. | 


| 


| 


1250 O.D. 


750 O.D. 


1250 O.S. 


1250 O.S. 


| 


No improvement 


Obliteration of vessels, 
inactive scarring 


Marked improvement, 
obliteration of vessels, 
less scarring | 


| Healed 


Improvement 


Improvement, obliter- 


| ation of vessels less 


scarring 


No improvement 


| No improvement 


Slight improvement 


| Decrease 


in corneal 
scarring & vasculariza- | 
tion 

Improvement in vascu- | 
larization, scarring un- | 
chan 


Minimal improvement | * 


No improvement, did 
not return for further 
treatment | 
No improvement 
Obliteration of vessels, 
no change in scarring 

No improvement 
Decrease in vasculariz- 
ation, no change in | 
scarring 

No improvement 

Slight improvement, 
new flareup O.D. 
Started, 2nd course, | 
Beta O.D. 


No improvement 
Slight improvement 


Obliteration of vessels, 
scarring unchanged 


Complete obliteration 
of vessels 


Slight improvement 


No improvement 
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it Number | fected | | Results Observa- 
| Eye | Vision } Vision | tion 
i 639072 | O.U. | 2/60 HB | 1S wk. | 12500.U. CF. | 10 mo. 
(J.T) 3/60 6/60 
650588 | O.U. | HM. = 6 mo. | | 6/30 | 6 mo. \ 
(H.W) HM. 6/16 
649799 | O.S. 6 mo. 
(P.B.) M.O. | | 6/12 
| | 
594110 | OS. iSwk.| | tyr. 
(D.E.) CF. 3/6 
O.D. | 6/15 5 | iS wk. | 6 /6-4 6 mo. 
652016 | OS. s |i. | 
(LM.) 1/00 s/s | 
630383 | O.D. | 6/30 s 15wk. | 6/30 | yr. 
(S.M.) 
645388 | O.D. | 6/12 5 | 15 wk. 6 mo. 
(M.J.) | | - | 
ae 663511 | O.U. | 6/15 5S | 1S wk. 6/9 Po 10 mo. 
(GS.) | 69 
54369 | 0.U. | 3/60 | s | 15 wk. 6/30 11 mo. 
(A.B.) | $/12-2 6/9—1 
| 0.U. | 6/60 | 15 wh. 6/30 18 mo. 
(G.B.) 6/60 6/30 | 
covers | 0.U. | $/30 3 | Owk. | | 6/60 yr. 
UF.) 3/00 | 6/60 
OU. CF. S| 1S wk. CF. 5 mo. 
(L-F.) | CF. CF. 
350649 | O.U. | 6/30 12k. | 6/30 6 mo. 
(GJ.) | 6/30 | 6/30 
640268 | O.U. | 6/12 1S wk. | 6/9-3 | 14 mo. 
x (D.L.) 6/12 6/9-3 | 
476856 | O.U. 6/30 | 1Swk.| 6/30 | 14 mo. 
(N.P.) | 6/30 6/30 | 
a 578483 | OS. -- 5 15 wk. : | 7 mo. 
(WLR, | | 6/30 6/15 
| | | 
647887 | OD. | CF. | 5S | | 1/60 | 9 mo. 
(LS. | | | 
662760 | O.U. | 6/15 wk. | 6/9—-2 lyr. 
628823 | 0.U. | 6/30 s | 1S wk. 6/30 8 mo. 
(B.P.) | 6/6—2 | 6/6 
662645 | O.D. 1/60 | 15 wk. 6/60 4mo. 
639288 | O.D. | 6/9-2 3 | Owk. | | 6/6 
(C.U) | | | 
631915 | OS. — s | 
(AR) | 6/60 | 
656165 | OS. S |1S0k.| — 6 mo, 
(AT) LP. | | | op. 
| | | | 
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TABLE 1—continued 
No. of Total | 
Initial | In- Final | 
Number | fected Diagnosis ' Treat- j Dosage | we | Results Observa- 
ye Vision | ments terval rep | Vision om 
363258 | OS | Corneal infiltration &/ 18wk. | 130008. — Slight improvement 
(F.G,) | 6/6—3 | vascularization | 6/9-1 6 mo. 
| 
643772 | OD. | 6/30 | Epidemickeratocon- | 4 | 12 wk. | 18000.D. | 6/15 | Slight improvement 6 mo. 
637797 | O.D. | 6/9 Interstitial keratitis 1S wk. | 1375 O.D. 6/9 Improvement mo. 
(M.Z.) | | - 
559933 | O.D. | 1/60 Eczematous keratocon- 5 1S wk. | 1250 O0.D. | 6/60 Improvement 14 mo. 
(M.W,) junctivitis 
603302 | O.D 6/15 Tubercular keratitis 4 1S wk. | 12500.D. | 6/6 Marked improvement 6 mo. 
(W.W) 
641871 | O.U. | C.F. | Interstitial keratitis 10 =| 8mo. | 25000.U. | 6/60 Improvement 26 mo. ae 
(G.V.) CF. 2/60 
637559 | OU 6/60 Eczematous keratocon- 3 6 wk. 750 O.D. | 6/9 Improvement in vision, 1 mo. E 
(M.L) 6/9+3 | junctivitis 2 500 O.S. | 6/9—1 less vascularization 
290430 | OS. = Keratoiritis 2 3 wk. 500 O.S. — No improvement, eye 
(HLA) | M.O MO. enucleated 
$67254 | O.U. | 6/30 Keratoiritis —second- 5 3 wk. | 12500.U. | 6/30 No improvement 6 mo. 
U.B) 6/30 ary glaucoma 6/30 
| 
61499; OS. — Eczematous keratocon- 1 250 O.S. Healed 2 mo. 
(B.C) 6/6 junctivitis Sclerosing 6/6 
| keratitis 
630479 | OD. | 6/60 Tubercular interstitial 4 13 wk. | 2250 0.D. | 6/30 ui Less vascularization, 9° mo. 
(B.D) | keratitis corneal scarring un- 
changed 4 
648432 | O.D. | 6/60 Tubercular interstitial S | 1S wk. | 27500.D. | 6/6 Healed 6 mo. 
(AF) keratitis 
650898 | O.U | 6/6 Sclerosing keratitis 1 12 wk. | 2500 O.D. | 6/6 Marked improvement 8 mo. 
(N.P.) 6/6 4 1000 O.S. 6/6 
283460 | OS. — Sclerosing keratitis 6 18 wk. | 1500 0.S. _ Slight improvement 6 mo. 
(A.M) 3/60 6/60 
649213 | OS. Eczematous keratocon- 10 8 wk. | 2500 Healed 14 mo 
(W.A) | 6/30 junctivitis 6/12 4 
606437 | O.U. | 6/60 Eczematous keratocon- 5 1S wk. | 12500.U. | 6/304 Slight i siugvevenent, l yr. 
(L.S.) 6/00 junctivitis 6/30+ new flare-up 
re ty O.D. | 6/12 Interstitial keratitis 5 1S wk. | 12500.D. | 6/9 Improvement 8 mo. 
(B. | | 
$27323 | O.D. | 6/30 Eczematous keratocon- 3 9wk. | 7500.D. | 6/9 Improvement 2 mo. 
(AM, | junctivitis 
661268 | O.U | 6/60 Interstitial keratitis {| § | 15 wk. | 12500.U. | 6/30 Slight improvement 1 yr. 
(W.R,) | | $/60 6/60 
448407 | OS. | | Sclerosing keratitis | | 1S wk. | 12500.s. Slight improvement 13 mo. 
(B.S) 4/00 6/30 
O33335 | O.U. | 6/15 Deep tubercular kera- 2 15 wk. 500 O0.U. | 6/30 Improvement O.S., un- 2 mo. 
(M.P.) | 6/15 | titis 6/6 changed O.D 
462719 | O.U. | 6/30 | Sclerosing keratitis | § | iswk. | 12500D 6/30 No improvement 6 mo. 
(R.C) | | 6/6 | 4 1000 O.S. | 6/6 
“peer O.D. | 6/9—3 Sclerosing keratitis 2 6 wk. 500 O.D. | 6/4.5—1 | Marked improvement 24 mo. 
(E.P.) - =» 
647522 OU 6/6 Interstitial keratitis 5 15 wk. | 12500.D. | 6/644 Improvement, new 8 mo. 
go) 6/6 1500 O.S. | 5/4.5—2 | flare-up O.D. 
00984 OS - Eczematous keratocon- | 2 | 6wk. 500 O.S, — Improvement I mo 
(CM) 6/15 junctivitis 6/o—2 
CF Keratoiritis 3 9 wk. | 2250 0.D. | 6/12 Improvement in vision, | 13 mo. 
- less vascularization 
673861 OD 6/12 Eczematous keratocon 4 12 wk. | 1000 0.D. | 6/o—1 Improvement | i) mo. wr 
(RR) junctivitis | | 
6/12—1 Eczematous keratocon | 12 wk. | 1000 | 4/60 No improvement No follow- 
(B.C) 6/9+1 junctivitis | | 4/60 | up 


* Roentgen equivalent physica! 


| 
| 
| 


Number | 
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639306 
(O.P.) 


614989 
(E.P.) 

644084 
U.P.) 


643300 
(N.T.) 


315900 
(M.H.) 


667342 
(S.H.) 


640423 
(L.K.) 
585205 
(A.G,) 


646796 
(M.C.) 


658078 
(AF.) 


651450 
(AM.) 
625215 
(J.0.) 
639569 
(E.P.) 


672070 
(C.S.) 


650108 
(W.S.) 


455376 
(N.T.) 


635793 
(L.M.) 


641812 
(L.K.) 


647322 | 
(A.K.) 


669464 
U.Mc.) 


637797 
(A.M.) 


559933 
(A.C.) 


603302 | 
(AHL) 


641871 
(O.B.) 
592496 
(M.B.) 


133901 
(R.B.) 


OS. 


Interstitial keratitis 


Eczematous keratocon- 
| junctivitis } 


Mild eczematous kera- 
toconjunctivitis 


Tubercular interstitial 
keratitis 


Eczematous keratocon- 


junctivitis 


Eczematous keratocon- 


junctivitis 

Interstitial keratitis 
Sclerosing keratitis 
Tubercular keratoiritis 


Eczematous keratocon- 
junctivitis 


Eczematous keratocon- | 


junctivitis 


Eczematous keratocon 


junctivitis 


Eczematous keratocon 


junctivitis 


Eczematous keratocon- 


| junctivitis 


Eczematous keratocon- , 


junctivitis 


tous keratocon- | 


junctivitis 


Tubercular interstitial 
keratitis 


Keratoiritis 


Tubercular interstitial | 


keratitis 


Eczematous keratocon- 
junctivitis 


Tubercular interstitial | 


keratitis 


Eczematous keratocon- 
junctivitis 


Tubercular interstitial 


keratitis 


Tubercular interstitial 
keratitis | 


Tubercular interstitial 


keratitis, episcleritis 


. 
Sclerosing keratitis 


Interstitial keratitis 


* Roentgen equivalent physical. 


| 1S wk. | 


| 1S wk. 
} 


1250 O.D. 


1250 0.U. 


2500 U 


750 O.D. 


$00 O.D. 


750 O.U. 


1250 O.U. 


1125 O.S. 


1500 O.D. 


2000 O.U. 


1000 O.D. 


2500 O.D. 
1250 O.S. 


1500 0.U. | 


1500 O.U. 
1750 O.D. 
1500 O.S. 
2750 O.S. 
3750 O.U. 
1500 O.S. 
1250 O.D. 
1500 O.S. 

500 O.S. 


1375 O.D. 


1250 O.D. 


1250 O.D. 


2500 0.U. 


750 O.D. 


1250 O.S. 


| symptoms 


No improvement, new 
flare-up 

Healed 

Decrease in vasculari- 
za 


Improvement 
Improvement 


Decrease in corneal in- 
filtration and vascular- 
ization 

Healed 

Less vascularization, 
scarring unchanged 

No change on day of 
discharge 
Improvement, no ac- 
tive vascularization, 
scarring unchanged 
Improvement 
Decrease in vasculari- 
zation day of discharge 


Decrease in vasculari- 
zation, improv 


Decrease in vasculari- 
zation 


No improvement 
Decrease in ‘vasculari- 
zation, no flare-up 
Healed 

New flare-up 0.D., im- 
provement 0.S. 


Improvement 
Improvement 
Improvement 
Healed 


Decrease in vasculari- 
zation, scarring un- 
chan; 


Improvement in symp- 
toms & vascularization 


No improvement 


Decrease in vasculari- 
zation, improvement of 


up 

4 mo. 
Insufficient 
follow-up 


3 mo. 
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i | Treat- 

/ 

| '9 mo 

| 

6 No follow- 

= 

6/9 

6/30 
0.U. 5 iSwk. | 

} | 

| OS. a 4 18 wk. | on | 

3 | Owk, | | | 

- 6/30 No follow- 

oa op. | 62 4 | 12 wk. | i | 6/9 8 mo. 

- |_ | 

ad _| k. 6/6 26 mo. 

O.U. | 6/6 0 ow | 
| ov. | 6 -| 38 | 
6/30 

3 v.30 | | | 

Os. Eczema | 15 wk. | 

s | 15 wk 6/0 | 14 mo. 

| | 

| 5 | 15 wk | 1 yr. 

a : | 6/644 6 mo. 
ras 

1 mo. 

| 14 mo. 
1/60 | 1S wk. | | 6/60, | 

7 mo. 
6/6 
OD. | | 4 12 wk. | | 6/ 
| 

| oo | | 

| | 
| | »/60 2 mo. 
| OD. | 3 | | | 
15 mo. 

| 

swe | 

- 
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TABLE 1—continued 
Initial | Pinal 
Number Vision Diagnosis Treat- | terval | Deng | Vision Results | Observa- 
658077 | Sclerosing keratitis S$ | — No improvement | 2mo. 
(W.B, | 1/60 1/60 | 
600006 | 6/30 | Eczematous keratocon- 10 Smo.  25000.U. 6/30 No improvement 8 mo. 
| 6/18 jumctivitis 0/30 | 
650898 | O.U. | 6/6 Sclerosing keratitis | 1 | 12wk.| 2500.D.| 6/6 Healed | & mo. 
(AF) | | 6/6 | 4 10000.S. | 6/6 
\ muco os. | — Sclerosing keratitis | 6 Swk. | 1000S. — | Decrease in vasculari- 6 mo 
(A.G.) 3/00 | | 5/60 | zation, scarring un- | 
| | changed | 
649213 OS. | Eczematous keratocon- | 10 | 8&wk. | 25000.S. - | Improvement | 14 mo. 
(E.G.) | 6/30 junctivitis 6/12 | 
606437 | 6/60 Eczematous keratocon- | 5 iS wk. 12500.U. | 6/304 | Decreasein vasculari- | 1 yr. 
(HH) | 6/60 junctivitis 6/30+ | zation, new flare-up | 
670878 | O.D. | 6/12 Interstitialkeratitis | § | 1S wk. | 12500.D. | 6/9 | Improvement 8 mo. 
| (tubercular) | 
$27323 OD. 6/3 Eczematous keratocon- | Owk. 7530 0.D. | 6/9 Improvement 2 mo. 
(S.H.) junctivitis | 
A 661268 | 0.U. | 6/60 | Tubercular interstitial | $ | 1S wk. | 12500.U. | 6/30 | Decrease in vasculari- 6 mo. 
(M.H) | $/60 keratitis 6/60 | 
t | c 
| OS. | — | Deepectercsingkerati-| $ | 1Swh.| 1290058. | — | Unchanged 13 mo. 
i (M.H) 4/00 | tis | 6/30 
\ 633335 | O.U. | 6/15 | Deep tubercular kera- 2 | 6wk 500 O.U. | 6/30 | Unchanged O.D., im- 2 mo. 
(L.K.) 16/15 titis 6/6 provement O.S. 
} 462719 | O.U. | 6/30 | Recurrent episcleritis,| $ | 15 wk. | 12500.D. | 6/30 | No improvement 6 mo. 
(P.K) 6/6 sclerosing keratitis 4 | 1000 O.S. | 6/6 
642687 | O.D. 6/9-—3 Sclerosing keratitis 2 6wk. | SOOOD. | 6/4.5—1 | Improvement 24 mo. 
| | — 
| 
s7oai8 | OS. | 6/9 | Eczematous keratocon- 5 | 1S wk. | 12800S 6/6 Healed 6 mo 
(OL) junctivitis | 
| OD. | 6/12 | Tubercular kerato-iritis 6 1S wk. | 15000.D. 6/9+ Healed 7 mo, 
(E.S.) 
4 
{ * Roentgen equivalent physical. 
| TABLE 2 
| CASES OF PTERYGIUM TREATED WITH BETA IRRADIATION 
Number Operation | Treat- Dosage Results | Observation 
ments rep | (months) 
a 658935 (J.B.) | O.D. No 3 9 750 | Insufficient 
I follow-up 
659365 (L.B.) | OS. res 5 15 1250 Good 10 
651362 (B.C.) | O.D. No 5 15 1300 Excellent 9 
667136 (R.M.) OS. Yes 1 250 1} 
649576 (G.E.) | OS. Yes 1 250 Good 3 
324009 (C.M.) | O.D. recur No 2 6 750 Improvement | 1 
662668 (E.B.) | O.D. ves 5 15 1250 Improvement | 1 
658936 (M.P.) | O.D. recur Yes 4 12 1000 6 
302683 (C.S.) 0.D. No 3 9 1125 Improvement | 3 
476856 (ES) | OD. No 5 15 | 1875 Excellent | 6 
652007 (E.G.) | O.D. Yes 2 6 750 Improvement | 2 
449134 (A.H.) OS. No 2 6 750 Improvement | Insufficient 
follow-up 
639764 (C.H.) OU, Yes 3 9 875 O.U.) Excellent 
640405 (L.H.) | O.D. recur Yes 5 15 Excellent 
638760 (W.K.)) OU. No 5 15 1875 O.U.| Excellent 6 
663481 (C.R.) | No 2 6 Improvement | Insufficient 
follow-up 


* Roentgen equivalent physical. 
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TABLE 3 
CASES OF EPISCLERITIS TREATED WITH BETA IRRADIATION 


No. of | Interval 


Period of 


Number | Eve Af Affected | Treatments | (weeks) | | Results Observation 


153157 (P.C.) S. improvement, | 
585205 (H.J.) S. Cured 1 yr. 
462719 (F.K.) | .U. -D. : Improvement \6 mo. 


follow-up 


| 
647084 (R.K.) | O.D. recur 4 § Improvement | Insufficient 


* Roentgen equivalent physical. 


CASES OF CORNEAL DYSTROPHIES TREATED WITH BETA IRRADIATION 


Results Observation 


Type and Eye Affected | | 
; | (months) 


| (months) 


| Endothelial corneal dystro- | 750 O.U.| | No change 2 


phy 

| Fuchs’s endothelial dystrophy | 1250 | No change 7 

and bullous keratitis, O.S. | 

| Endothelial and_ epithelial 1250 No change 5 
(MS) | | corneal dy strophy, 0.D. 


* Roentgen equivalent physical. 


TABLE 5 
Casne OF VERNAL CATARRH TREATED WITH BETA IRRADIATION 


Number | Degree 


Involvement Treatments 


Severe | Upper lids 5 0.U. Improvement 

|  & limbus 

Severe | Upper lids 10 0.U. No improvement 
& limbus 

Severe | Upper lids 

| & limbus | 

Severe Upper lids | § 0.U. d No improvement 


10 0.U. No improvement 


Severe Upper lids | 100.U. No improvement 


& 


© Resntgen equivalent 


SUMMARY OF 123 CASES TREATED WITH BETA IRRADIATION 


Diagnosis E No. of Cann Healed Improved No 


Various types of keratitis | 95 4 (4.21% 69 (72. 6%) 22 (23. 38% 
Pterygium 5 (31-2) 10 (62.5%) 1 (6.28%) 
Vernal conjunctivitis 0 (0%) 

Episcleratis 1 (25%) 0% 
Corneal dystrophies 0 (0%) 3 (100%) 


Total | 83 (67. 5%) 30 (24.4%) 


643 

3 | 
TABLE 4 

Number | 

A | | Rewits Observe 

are tion 

re) 1 yr. 

C.) 
¢% 662322 | 27 mo. 
(B.P.) 
is 629486 | | 28 mo. 
ani 552154 11 mo. 

(D.H.) 

‘ 660456 20 mo. 
(G.N.) | | 
TABLE 6 
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A survey is now under way using larger _ rent pterygiums and in episcleritis ; five cases 
total dosage over a shorter period of timeem- of severe and long standing vernal conjunc- 


ploying Sr® strontium applicator. tivitis were relatively insensitive to irradia- 
tion. 
CONCLUSIONS 3. Corneal dystrophies and lupus erythe- 


1. Ninety-five cases with various types of ™matosus are not benefited by beta rays. 
keratitis were treated with beta irradiation. 4. The amount of irradiation is dependent 


Of these four, or 4.21 percent were healed, upon the duration of the condition. In this 
69, or 72.6 percent, showed improvement, series superficial, corneal lesions with newly 
and 22, or 23.2 percent, were unimproved. formed blood vessels were more radiosensi- 
A comparison of vision before and after tive and responded well to lower doses. Deep 
treatment indicated that in 56 cases, or 59 and long-standing vascularized corneal le- 
percent, the vision improved to two or more sions responded poorly to small doses and 
lines, in 36, or 37.9 percent, was maintained, required more intensive radiation. 

and decreased in three, or 3.16 percent. University Hospital. 


2. Beta irradiation proved to be of great fer 
value in treatment of vascularized and recur- gestions and review of this paper. 
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APPLICATORS FOR BETA IRRADIATION OF THE EYE* 
A REVIEW AND COMPARISON 


Frep M. Wixson, M.D. 
Indianapolis, Indiana 


Beta irradiation of the eye is a well- 
established form of therapy which is both 
safe and effective when used properly in the 
conditions for which it is indicated. Investi- 
gators have reported separately on several 
different radiation applicators, but, regard- 
less of the excellence of the articles dealing 
with these devices individually, many points 
of comparison with other applicators have 
not been emphasized. It is the purpose of 
this paper to review and consolidate the de- 
scriptions of four separate sources of 
radioactivity and eight different beta-radia- 
tion applicators used in ophthalmology and 
to compare them and their clinical attributes 
with each other. 


RaDIUM 


Radium, as used in applicators, is a solid 


in the form of a sulfate, bromide, or 
chloride. Radioactivity accompanying the 
decay of radium consists of alpha and beta 
particles and gamma rays. The first decay 
product is radon, followed by a series of 
transmutations from radium A to G. 

The disintegration stops with radium G, 
or lead, which is stable; but the previously 
formed decay products have their own radia- 
tion characteristics, the sum of which con- 
stitutes the total radiations from radium. 

In the transmutation of radium to radon, 
only a small amount of low-energy gamma 
rays and some alpha particles are emitted. 
Therefore, of the total radiations from 
radium, the beta and gamma emanations 
which are clinically significant come from 
disintegration products and not directly from 
the radium itself. 

Alpha particles (helium nuclei) produced 


*From the Department of Ophthalmology, Indi- 
ana University School of Medicine. 
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by radium decay may be disregarded clini- 
cally, since they are completely absorbed 
within the applicator before reaching tissue. 
Total absorption of alpha particles occurs 
with as little as a sheet of paper or with 0.1 
mm. of unit-density material. 

Primary electrons (beta radiation) possess 
energies which vary from zero to a maxi- 
mum, the average of which has clinical signi- 
ficance (penetrating power) when beta par- 
ticles from different sources are compared. 

The most energetic beta particles of this 
series are derived from radium C, and less 
energetic ones are derived from radium B 
and some from radium E. Older radium 
samples contain more radium E and there- 
fore have a slightly greater specific beta 
activity. 

The clinically important 
from radium decay have 
energies : 


beta particles 
the following 


Average Energy 


0.23 Mev. 
0.65 Mev. 


Maximum Energy 


0.65 Mev.* 
3.15 Mev. 


Radium B 
Radium C 


* Mev. = million electron volts. 


For these beta particles the half-value 
layer (HVL), the depth at which'the surface 
dose is reduced by one half, in tissue or 
other unit-density material, is variously 
rated at about one mm. or slightly more. The 
depth-dose at four mm., the level of the lens, 
is approximately 15 percent of the dose de- 
livered at the surface.’ The maximum dis- 
tance reached in tissue by a few long-range 
electrons is 15 mm.* 

The above properties of radium are also 
possessed by radon, the equilibrium radia- 
tions from which are identical with those 
from radium. The physical characteristics of 
the beta particles from radioactive strontium 
(Sr®) are strikingly similar; those from 


q 
i 
| 
{ 
| 
: 
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| 
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radium D+E compare less favorably. 

It is only because of its relatively small 
proportion of highly penetrating gamma ra- 
diation (HVL, 10 mm. lead), that radium 
can be used at all in beta applicators for the 
eye, since it is not possible to eliminate selec- 
tively these highly penetrating rays. The 
ratio” of beta to gamma is approximately 25, 
in terms of electrostatic units of ionization, 
from a radium plaque of presumed optimum 
load—that is, “full strength” or 5 mg./cem*. 

The surface dose-rate of such an applica- 
tor is of the order of 5,000 beta roentgens 
per hour. These values of beta/gamma ratio 
and dose-rate are variable with the geometry 
of each applicator. 

Although moderately expensive, radium is 
readily available to individual physicians and 
institutions alike; it may be obtained on a 
rental basis, or purchased outright, in which 
case its cost may be amortized over long pe- 
The half-life 1,590 
years, far greater than any other radioactive 
source considered in this study. 


riods. of radium is 


ILIFF APPLICATOR* 


Description. This is a 50-mg. radium 
plaque designed by Iliff* for ophthalmic 
use. It is rectangularly prismatic in shape, 
measuring 6 by 6 by 12 mm., overall, and 
made of silver with a Monel-metal face. The 
sides are one-mm. thick, the backing, three- 
mm., and the Monel metal at the active face, 
0.1 mm. in thickness. 

A 28-cm. handle is provided but, because 
of the repeated and prolonged exposures 
necessary with this applicator, it is desirable 
to have a holding device, like the one de- 
scribed by Iliff, or the holder devised by 
Stevenson* for the radium-D applicator and 
easily adapted to this one, or the plastic con- 
tact lens with a window the size and shape 
of the applicator, as described by Haik.® 
The Stevenson holder is more difficult to 


* Manufactured by the Radium Chemical Co., 
Inc., New York, New York. 
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place, but it and the Haik lens have the ad- 
vantage of being movable with the patient's 
head. 

Advantages. The half-life of radium is so 
long that the output of the Lliff applicator can 
be considered constant and permanent. In 
this one respect it is better than applicators 
using any other radioactive source, particu- 
larly better than those utilizing radon with 
a half-life so short that the radioactive load 
must be replaced every week or two. 

The Iliff applicator is readily available, 
like radium-D; whereas, radon is available 
only at great expense and inconvenience. 
That the Iliff applicator can be obtained on 
a rental basis as desired is an advantage, and 
there is no required approval from the 
Atomic Energy Commission, as has been 
necessary in the case of the Sr® applicator 
and other radioactive isotopes. 

The Iliff applicator produces energetic 
beta particles which are well suited to many 
of the indications for beta irradiation of the 
eye. This quality of beta radiation from ra- 
dium is the same as that from radon, simi- 
lar to that from Sr®, and superior to that 
from radium D. 

Disadvantages. Self-absorption of beta 
particles within the Iliff applicator reduces 
its effectiveness, and results in longer clinical 
treatments. These longer treatments are dis- 
advantageous, per se, and, in addition, pro- 
duce inaccuracies in dosage calculation be- 
cause of the difficulty of accomplishing 
steady fixation of the eye and applicator for 
the required time. 

Gamma radiation, moreover, being of 
highly penetrating nature, is not affected by 
self-absorption within the applicator, and is 
delivered from the entire 50-mg. load. The 
resulting, lowered, beta/gamma ratio means 
increased gamma-ray exposure to both pa- 
tient and operator. 

Radium must be kept away from personnel 
and photo-sensitive supplies, and is stored in 
a thick lead well which is usually heavy 
enough to cause some inconvenience. 


APPLICATORS FOR BETA IRRADIATION 


The cost of the lliff applicator is a frac- 
tion more than the radium-D applicator 
(about $1,000), and considerably more than 
the Sr® applicator ($300). 

Clinical considerations. llift® recognized 
clinically the loss of efficiency from self- 
absorption within the applicator and stated 
that a 10-minute contact exposure (30 gram- 
seconds) with this radium plaque produced 
about the same effect as a 4.5 or 5 gram- 
second dose with radon. 

Considering this, and on the basis of pre- 
vious studies’ using unfiltered radon in the 
Hughes applicator as the standard, which 
produced minimal lesions on rabbit corneas 
with 10 gram-second doses, the calculated, 
minimal inflammatory dose with the Iliff 
applicator should be about 60 or 70 gram- 
seconds. 

This calculation, based on clinical observa- 
tions is in fairly close agreement with the 
recent experimental finding* that single, con- 
tact doses of 75 gram-seconds, with a 50-mg. 
lliff applicator (No. 124383), were required 
to produce minimal, inflammatory lesions on 
the rabbit corneas. 

Compared, therefore, with the Hughes ap- 
plicator containing radon, the Iliff applica- 
tor is less efficient, the beta effectiveness of 
its 50-mg. load being reduced to the equiva- 
lent of about 6.5 mg. and causing over seven 
times as much gamma exposure for beta- 
radiation treatments of equal effect. 

Clinical treatments are usually eight to 
10 minutes each with this applicator and, dur- 
ing this time, there is exposure of all of the 
ocular structures; but the greatest gamma 
radiation hazard is to the lens, which re- 
ceives not less than 75 gamma r during such 
treatment. The dose required to produce 
the same clinical effect with radon causes a 
lens exposure to gamma radiation of only 
about 10 r per treatment. 

The penetrating, gamma, or X-ray radia- 
tions from the nearly pure beta emitters, 
Sr® and Ra-D, are of very low intensity and 
can be disregarded clinically. (Lens tolerance 
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is variously estimated at from 300 to 1,000 
gamma r.) 

The whole-body, gamma radiation to the 
operator for a typical 10-minute treatment 
with the Iliff applicator, depends on several 
variables, but the gamma exposure was 
found® to be less than five mr., as recorded 
on Kelley-Koett pen-style dosemeters worn 
at applicator level, when the operator used 
one minute for handling and placing the ap- 
plicator and the remaining nine minutes ob- 
serving the patient at a distance of eight feet 
from the applicator. (Whole-body gamma 
tolerance is considered to be 300 mr./wk.). 

The exposure of the operator’s hands is 
also a variable quantity, depending on the 
care and facility used in handling, but local 
tissue tolerances are not exceeded if a hold- 
ing device is used and if the applicator is 
handled only with instruments and with rea- 
sonable care. 

If there is any doubt, as in beta clinics of 
large volume, monitoring devices should be 
used to determine the local and general ex- 
posures of the operators. 

The Iliff applicator is suitable for use in 
certain cases of benign and malignant, small, 
superficial neoplasms of the eye and adnexa, 
corneal vascularization when not extensive, 
pterygia, and the less severe cases of vernal 
conjunctivitis. Extensive lesions should be 
irradiated only with proper caution, because 
of the increased gamma exposure to the pa- 
tient resulting from repeated applications 
with the Iliff instrument. 


GENERAL-PURPOSE PLAQUES 


Description. Radium applicators designed 
for general radiologic use have had some 
application in ophthalmology. Having active 
faces usually made of 0.1 mm. Monel metal, 
these plaques are, as a rule, 1.0 to 1.25 cm. 
in diameter when full strength, but lesser 
strength applicators may be somewhat larger. 
They are said to be “full-strength” when 
they contain radium in the amount of 5.0 
mg./sq. cm. A typical applicator of this type 
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usually produces about 5,000 r/hour (roent- 
gens beta) and has a beta/gamma ratio of 
the order of 25.* 

Advantages. These applicators carry a 
small load of radium and are therefore rela- 
tively inexpensive ; moreover, they are com- 
monly found among ordinary radiotherapy 
facilities. The self-absorption of beta parti- 
cles is less in these applicators ; and, conse- 
quently, their beta/gamma ratio is somewhat 
higher and more favorable than that of the 
radium applicator of Iliff. 

Disadvantages. Because of their shape and 
size, the general-purpose radium plaques 
used in radiologic and dermatologic condi- 
tions are not easily applied to the eye. 
Full-strength applicators can be used, but 
half-strength applicators are unsatisfactory. 
Treatment times are so long (reportedly up 
to one hour,’ although this seems unusually 
long), that fractionation of dosages becomes 
necessary, resulting in more and frequent 
treatments and more inaccuracies in dosage 
calculation for given areas. The presence of 
gamma radiation, as in all radium and radon 
applicators, is a disadvantage in storage and 
handling and must be taken into account in 
treatment schedules. 

Clinical considerations. These applicators 
have a much more nearly optimum load as 
regards the beta/gamma ratio. Gamma-ray 
hazard, therefore, while not eliminated, is 
somewhat less for both patient and operator 
than with the Iliff applicator. 

Smith® reported on the use of a full- 
strength applicator every six weeks for three 
treatments in 40 cases of Mooren’s ulcer. 
About half of these did well for long pe- 
riods, on which basis he presumed a perma- 
nent cure; 25 percent were apparently cured 
but had been treated too recently to classify 
as permanently cured; the others responded 
poorly or not at all. 

Because of the awkwardness of ocular 
application, and the long treatment-time 
necessary for applicators of this type, they 
have had only limited acceptance for use in 
eye conditions. Fractionation of dosage is 
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probably the best method of using these 
general-purpose plaques because of the long 
treatment times involved. Fractionation, per 
se, although useful in general radiation prac- 
tice, has not been fully evaluated in terms of 
beta irradiation of the eye. 

Further clinical considerations are much 
the same as those for the Iliff applicator. 


LEDERMAN tAPPLICATOR*® 


A radium plaque shaped like a spatula and 
adjusted to the eye by means of a slotted 
brass holder has been designed by Leder- 
man.’® He reported using single doses of 
1,500 r, and the treatment time was about 
11 minutes, which indicates a radium load 
of approximately 5.0 mg./sq. cm. This ap- 
plicator is, therefore, essentially a “full- 
strength” radium plaque which has been 
adapted in size and shape to ophthalmic use, 
thereby overcoming one major disadvantage 
of ordinary plaques. 

Lederman," for nearly 10 years, has also 
used a radium plaque of 5.0 mg. contained 
in a brass box 8.0 mm. sq., with 0.1-mm. 
Monel face, with a stated calibration of 
8,300 r per hour. It is used with a lid-specu- 
lum holder for application by quadrants to 
the cornea. 

Other advantages, disadvantages, and clin- 
ical considerations are the same for these 
applicators as already described for all gen- 
eral-purpose plaques. 


RADON 


This radioactive gas is the first product of 
radium disintegration, and, exactly like ra- 
dium, depends on its daughter substances, 
particularly radium B and radium CG, for its 
clinically important radiations ; therefore, the 
radiation characteristics of radium and radon 
(which has reached equilibrium with its de- 
cay products) are identical. These have 
already been described. 


* Made by Messers. Johnson, Matthey and Co., 
London. 
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APPLICATORS FOR BETA IRRADIATION 


The beta radiation from radon and ra- 
dium differs quantitatively, however, be- 
cause radium is a solid; whereas, radon, 
being a gas, has practically no beta loss 
through self-absorption. Radon, therefore, 
has a high beta/gamma ratio, approximately 
27. It also possesses a high specific activity, 
making it possible to obtain great radiation 
intensity from a relatively small applicator 
(1,000 me., for example, occupies only 0.664 
cu. mm., under standard conditions). 

Beta-ray dose-rate values determined for 
radium at zero filtration apply more nearly 
to radon applicators than to those containing 
radium, because of the self-absorption with- 
in radium applicators. Since calibration 
values are seldom available for radon oph- 
thalmic applicators, it is desirable at times 
to use such data for estimating the dose rate 
of these applicators. 

The specific, beta-ray dose-rate? at zero 
filtration for radium (B + C) is 1,180 r/mg. 
hr., 520 r/mg. hr. for radium-E, and 1,710 
r/mg. hr. for radium in final equilibrium. 

The collection of radon gas is a compli- 
cated process requiring a large supply of 
radium as well as special equipment and tech- 
nical personnel. Such facilities are infre- 
quently found. Radon is commercially avail- 
able; but, because of the relatively larger 
amounts used in ophthalmic applicators, it is 
expensive to use; and, moreover, its short 
half-life (3.83 days) multiplies this expense 
and causes considerable inconvenience. 


BuRNAM APPLICATOR 


Description. This applicator, first designed 
and used in 1927, contains radon gas col- 
lected in a glass bulb, five mm. in diameter, 
which is placed in a brass capsule having 
two-mm. side walls and a round, four-mm. 
portal at its distal end. All of this, in turn, 
fits into a similar but slightly larger capsule 
attached to a handle 35 cm. in length. 

The amount of radon in this applicator 
varies commonly from 200 to 500 me. but 
occasionally*® may contain as much as 800 
mc. 
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The distance between the active, glass bulb 
and the surface being treated is one mm. 
There is no filtration except that afforded 
by one mm. of air and by the wall of the 
glass sphere. This is enough filtration to ab- 
sorb all alpha particles but allows a maxi- 
mum beta/gamma ratio. 

Advantages. The Burnam applicator eclip- 
ses all others in potency and in short treat- 
ment time. Its beta particles are of energetic 
quality, like those of Sr® and radium, but 
without the self-absorption found in radium, 
radium-D, and Sr® applicators. It has, like 
the Hughes applicator (q.v.), the advantage 
of a high beta/gamma ratio. 

Disadvantages. For the Burnam applica- 
tor, the disadvantages are chiefly those as- 
sociated with the expense and inconvenience 
of frequently obtaining large amounts of 
radon. Bulk radon sells commercially at about 
$1.50 per mc., which usually means large 
quantities are used only by institutions hav- 
ing their own emanation plants. 

There is, of course, undesirable gamma 
radiation from the Burnam applicator, but 
the high beta/gamma ratio makes possible 
a maximum beta effect with minimum gam- 
ma radiation. As with any applicator using 
radon, gamma radiation (about 10 r, gamma, 
per average application) is actually much 
less per treatment than with radium applica- 
tors ; nevertheless, any amount of gamma ra- 
diation of this order is a disadvantage, and it 
must constantly be considered in the calcula- 
tion of dosages. 

The hazard to the operator is also a dis- 
advantage of the Burnam applicator, since 
the intensity of the load is so great that con- 
siderable care is necessary in handling, trans- 
port, and storage. 

Clinical considerations. With the great in- 
tensity of the Burnam applicator, treatment 
time (usually calculated in gram-seconds) is 
reduced to a matter of a few seconds, the 
exact time depending on the amount of ra- 
don in the applicator. Because of the short 
half-life of radon (3.83 days), dose calcula- 
tions must be corrected hourly for loss of 
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potency. Tables are available to simplify the 
calculation of this loss, which is roughly 
16.5 percent per day. 

Since the beta/gamma ratio is high, the 
eye under treatment receives relatively small 
amounts of gamma rays from dosages ordi- 
narily employed. The operator, however, re- 
ceives increased gamma exposure during the 
manipulations and handling of this potent 
applicator. 

Based on data for radium, it is estimated 
that the accepted tolerance of 300 mr./wk. 
for whole-body radiation would be ap- 
proached by the operator giving about 12 
applications, when a total handling time of 
30 seconds per treatment is allowed for an 
applicator of 500 me. In any case approxi- 
mating anything like this amount of expo- 
sure, however, individual monitoring should 
be employed, and no reliance should be placed 
in such estimates, because of the large num- 
ber of variable factors involved. 

Although limited by expense, difficulty of 
procurement, and gamma-ray hazard to the 
operator, the Burnam applicator with its 
short treatment times, energetic beta radia- 
tion, and high beta/gamma ratio is a most 
useful instrument, when available, and when 
used properly, for beta irradiation of the 
eye. 


HUGHES APPLICATOR™ 


Description. Mounted on the end of a 
small, metal-rod handle, which is about 18 
inches in length, this applicator is kidney- 
shaped to fit the curvature of the limbus, has 
sides of silver, and is open at the treatment 
face. 

This kidney-shaped, open face, with slight- 
ly concave edges to fit the curvature of the 
globe, is about 60 sq. mm. in area (5 by 
12 mm.) and contains small, glass, radon 
tubes, usually three in number, arranged 
parallel and about one-mm. apart and held 
in place by a thin layer of household cement 
(Duco®) on the backing plate. 

These radon needles are usually about five 
mm. in length and slightly less than one mm. 
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in diameter, so that the radioactive area en- 
closed by them averages about 4 by 5 mm. 
With each loading the radon-tissue distance 
is slightly variable but is usually near con- 
tact without actually touching, probably most 
often about one mm. This arrangement is 
intended to achieve as much uniformity of 
radiation as possible. 

Advantages. The advantages of this appli- 
cator are chiefly those of radon, perhaps the 
best source of beta radiation for use in 
ophthalmology, although artificial sources, 
like the betatron and some of the artificially 
radioactive isotopes, must await “urther ani- 
mal and clinical experimentation before a 
proper evaluation of them can be made. The 
radon of the Hughes applicator assures an 
energetic beta spectrum, a high beta/gamma 
ratio, and adequate intensity. 

The use of small glass tubes makes the 
collection of radon technically easier, and 
because smaller amounts are usec, for exam- 
ple, 50 me., the radon load is more economi- 
cal than in the Burnam applicator. 

The shape and design of the Hughes ap- 
plicator make its application to the globe, 
especially the limbus, easy and accurate. 

Studies have not been made comparing the 
Burnam and Hughes applicators, but, since 
they both use radon and have approximately 
the same filtration factors and radon-tissue 
distances, very little difference in clinical ef- 
fectiveness would be expected on an equal 
gram-second basis. 

Compared with others, however, the 
Hughes applicator is more efficient: on an 
equal gram-second basis, it is two and one- 
half times as effective as the radium-D ap- 
plicator,’ six to eight times the Iliff radium 
applicator,”* and preliminary results indi- 
cate that it is probably nearly four times as 
efficient as the Sr® applicator.® 

Disadvantages. Commercial laboratories 
charge something less than $100 for a 
Hughes-applicator load of about 50 me. 
When the half-life of radon (3.83 days) is 
also considered, this economic disadvantage 
is compounded. 
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Where the facilities of an emanation plant 
are available, the use of the Hughes applica- 
tor is only mildly inconvenient and much 
more practical. Long-distance transportation 
of this applicator creates an added difficulty 
because of the time consumed and the con- 
sequent loss of potency. 

Besides the minor storage problems which 
add to the inconvenience of this applicator, 
the presence of gamma rays causes a radia- 
tion. hazard; this is more important to the 
operator than to the patient, however, since 
in ordinary dosages gamma-ray exposure of 
the recipient eye is not troublesome or dan- 
gerous. 

Both local and whole-body radiation toler- 
ances of the operator must be respected in 
handling radon. These disadvantages at- 
tributable to gamma rays are also found in 
the Lliff and other radium applicators, but 
not in applicators using Ra-D or Sr™. 

The minor variations in geometry which 
occur with each loading of the Hughes ap- 
plicator constitute a disadvantage which has 
not been of serious consequence, since good 
clinical reproducibility is possible when the 
loading is done carefully. 

Clinical considerations. Although treat- 
ment times are longer than with the Burnam 
applicator, the Hughes applicator is, never- 
theless, easy to use clinically, and much more 
so than the radium, Ra-D, or Sr® applica- 
tors. 

Treatment time is short enough that ocu- 
lar fixation is not a serious problem (as 
it often is with solid element plaques) and 
it has been used effectively in the treat- 
ment of all the common indications for beta 
irradiation of the eye. 

Except for its expense and inconvenience 
of procurement to most operators, the 
Hughes radon applicator is one of the best 
and most practical for use in ophthalmology. 


ACTIVE-DEPOSIT APPLICATORS 


When some metals are held in an atmos- 
phere of radon gas for about two hours, they 
become coated with a thin layer of solid ma- 


terial which is radioactive. This layer, known 
as “active deposit,” is composed of radon 
disintegration products (radium A, B, and 
C) which produce alpha, beta, and gamma 
emanations. The production of active de- 
posit is technically difficult and is possible 
only with a large source of radium and an 
emanation plant. 

Quick" described active-deposit applica- 
tors made of lead foil cut into shapes and 
used for the treatment of vernal conjunc- 
tivitis, This is the only type of ophthalmic 
applicator which allows alpha particles to 
reach the tissues. 

It is interesting that Quick had used, but 
with dissatisfaction, radon in a glass bulb 
similar to the applicator Burnam had de- 
vised three years previously, and also had 
made applicators of wood and metal to which 
glass radon tubes were fastened with paraf- 
fin; actually, these were prototypes of the 
applicator which Hughes has successfully de- 
veloped more recently. 

Quick, however, dismissed this arrange- 
ment as technically unsatisfactory; and de- 
clared that the active deposit on lead foil was 
his choice as the best means of application. 
Since then, reportedly, little has been done 
to develop the use of this active-deposit form 
of ophthalmic beta irradiation. 


Rapium D 


This naturally radioactive isotope of lead 
is one of the daughter substances of radium. 
It has a half-life of 22 years, and disinte- 
grates by a weak beta emission to radium F, 
which then is responsible for the clinically 
effective beta particle (average energy, 0.34 
Mev.; maximum, 1.17 Mev.). The product 
of radium-E decay is radium F which trans- 
forms to lead by alpha emission. The disin- 
tegration of radium D is accompanied by no 
gamma radiation of clinical importance."* 

The decay scheme of radium D is char- 
acterized by only one beta emission (that 
from radium E) of therapeutic significance ; 
whereas, radium and radon are character- 
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ized by two beta particles, one each from 
radium B and C. 


Raptum-D ApPPLicaTor* 


Description." This circular plaque has an 
outside diameter of nine mm. and an active 
diameter of 5.6 mm. (25 sq. mm. active 
area) at the contact face. The radioactive 
source is approximately 10 mc. of radium-D 
in the standard applicator; on special order, 
applicators containing 20 mc. are available, 
although self-absorption reduces the addi- 
tional effective output by about 50 percent 
(increasing the load by only about 5.0 mc. 
instead of 10 mc.).* 

The radium D is covered at the contact 
face with 0.05 mm. of aluminum foil, and 
the surface dose rate is said to be of the 
order of 200 beta roentgens-equivalent per 
minute (3.66/sec.). The applicator is equip- 
ped with a short handle or may be used with 
a holding device* which clamps to a lid specu- 
lum. 

Advantages. The advantages of this ap- 
plicator are derived chiefly from the fact 
that radium-D, like Sr®, is an almost pure 
beta emitter. The small amounts of second- 
ary X rays (Bremsstrahlung) from this ap- 
plicator are of no clinical significance ; there- 
fore, handling and storage are relatively 
simple and nonhazardous. 

Also, there is no danger of significant 
photon exposure of the lens or deeper ocu- 
lar structures, a hazard which must be care- 
fully controlled from radon and radium ap- 
plicators, particularly the latter. 

Availability of the radium-D applicator is 
good ; and, although the cost (about $1,000) 
and the half-life (22 years) are favorable, 
particularly when compared with radon, 
nevertheless the strontium applicator is 
cheaper, although more awkward to apply ; 
and the Iliff applicator, which costs about 
the same, has a much longer half-life than 
radium-D. 


* Manufactured by Canadian Radium and Ura- 
nium Corporation, New York, New York. 
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Disadvantages. An important disadvantage 
of this applicator is its low output. Com- 
pared with radon on an equal gram-second 
basis in clinical and animal experiments,’ 
the radium-D applicator was found to be only 
about two-fifths as effective as radon. This 
results in prolonged treatment time for the 
patient, requiring ocular fixation in some 
cases for as long as 15 to 20 minutes. 

Moreover, the low energy of the beta par- 
ticles from the radium-D applicator reduces 
the depth dose and clinical effectiveness (al- 
though the filtration from self-absurption 
within the applicator may improve this some- 
what). In the cornea, for example, even the 
more energetic beta particles from radium 
and radon are inadequate for many deeply 
vascularizing processes. 

Clinical considerations. Because of the low 
energy of its beta particles and its low out- 
put, the radium-D applicator is used best for 
the most superficial and less extensive clini- 
cal conditions, such as corneal vascularization 
confined to small areas in the anterior stro- 
ma or thin pterygia of small or medium size. 

For other clinical indications such as 
deeper corneal vascularization or more ex- 
tensive lesions, other sources of beta irradia- 
tion furnish the methods of choice. 

Attempts to increase the depth dose by 
lengthening the exposure time with the 
radium-D applicator may dangerously in- 
crease the caustic effects at the surface. 
There is practically no whole-body radiation 
to the operator with this applicator. 


RADIOACTIVE STRONTIUM (Sr®) 


This fission product is the only one of the 
artificially radioactive isotopes which has 
been used in an ophthalmic applicator for 
clinical use. There are others which could be 
used, like Ru™*; and P** has been used as a 
source of beta radiation in animal experi- 
ments,’® but Sr® seems to have the most 
nearly ideal combination of desirable char- 
acteristics: 20-year half-life (199+0.3 
years),”” beta emission without significant 
gamma radiation, beta particles of adequate 


energy, adequate specific activity, availabil- 
ity, and low cost. 

The decay scheme*’ of Sr® is characterized 
by two beta spectra, a weaker one (maximum 
energy, 0.65 Mev.; average," 0.195 Mev.) 
from Sr® which results in the formation of 
yttrium-90, and a more energetic one (maxi- 
mum, 2.16 Mey. ; average,”* 0.8 Mev.) which 
transforms Y® into the stable end-product of 
this series, zirconium-90. 

The depth-dose® at four mm. (lens level) 
is indicated to be about six percent of the 
surface dose, and it is less than one percent 
at a tissue depth of 6.5 mm. 

The half-value layer of the beta radiation 
from Sr® applicators is of the order of one 
mm. of tissue ( Friedell, et al.,24 0.9 mm. ; and 
Tracerlab,” 1.0 mm.). This is approximately 
the same as that for beta rays from radon 
or radium. 

Although the energy of beta particles from 
radium reaches a greater maximum, the fig- 
ures just quoted indicate that the particles 
irom Sr® attain a slightly higher average 
energy. This is probably because the propor- 
tion of longer-range electrons is higher in 
Sr® and Y® than it is in radium C. Also, 
ir radium, but not in Sr®, a number of 
aloms disintegrate with the release of some 
o/ their energy in the form of gamma radia- 
tion. 


STRONTIUM-90 APPLICATORS 


Friedell and his associates** were the 
first to use Sr® in an ophthalmic applicator. 
Following the lead of this laboratory model, 
commercial physicists have recently devel- 
oped a clinical model, the “RA-1 medical ap- 
plicator.”’* 

Description. This Tracerlab applicator 
(RA-1) has the following specifications :*° 
the radioactive material, about 25 mc. of Sr” 
in equilibrium, is spread uniformly at the ap- 
plicator face which has an active diameter of 
7.8 mm. (47.7 sq. mm. area) and an actual 
diameter of 12.7 mm. 


* Manufactured by Tracerlab, Inc., Boston, 
Massachusetts. 
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The Sr® is covered by two mils of stain- 
less steel and 10 mils of aluminum and 
hermetically sealed. This totals 0.3 mm. and 
is slightly more filtration than in the radium- 
D applicator (0.05 mm. Al.) and in the Iliff 
radium applicator (0.1 mm. Monel). 

Since the photon activity of Sr® is very 
low, only a clear plastic disc, 10 cm. in'di- 
ameter and 6.0 mm. in thickness, is used as a 
shield for the hand; this disc is held in posi- 
tion on the applicator handle. 

Whereas, Friedell’s model contained about 
100 me., was said to have a surface dose rate 
of 5.4 beta roentgens per second, and was 
used for clinical doses of from 60 to 100 
seconds each, the commercial applicator con- 
tains only about 25 mc. of Sr® and, al- 
though somewhat variable with different ap- 
plicators, the surface dose rate of one such 
applicator (RA-1, no. 29) was calibrated by 
the manufacturer at 22.9 r (rep) per second 
(compare this with the stated radium-D dose 
rate of 3.66 per second, or full strength ra- 
dium plaque dose rates of usually less than 
two per second), and yet preliminary re- 
sults with this applicator indicate that it re- 
quires a much longer, not shorter, clinical 
dose than that of the Friedell model. 

Current investigations® with this Tracer- 
lab applicator (RA-1, no. 29) have revealed 
a minimal inflammatory dose of 35,000 r 
(rep) on the rabbit cornea, consistent with 
which are the prolonged treatment times 
found necessary to produce a clinical re- 
sponse in human eyes, 12,000 to 14,000 r. 

For this particular applicator, it is ap- 
parent that the effective surface dose-rate 
has been found to be much less than that ex- 
pected from its millicurie load of 25 mc. The 
applicator, therefore, on the basis of these 
preliminary findings, has a radon-:quivalent 
of about 7.0 mc., approximately the same as 
that of the Iliff plaque with which it has 
been compared in these same studies. 

Advantages. The principal advantages of 
the applicator are derived from the fact that 
Sr® is a pure beta emitter without clinically 
significant photon activity, greatly reducing 
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both the inconvenience of handling and the 
potential hazards of use. Sr® has a 20-year 
half-life, an advantage over radon, but much 
inferior to radium. Pure beta emission and 
a hal ’-life measured in years are advantages 
of the radium-D plaque also, but the Ra-D 
applicator has less energetic beta particles 
anc less millicurie load than the Sr® ap- 
plicator. 

Compared with radium, Sr theoretically 
has a larger proportion of high energy elec- 
trons than Ra-C, although the HVL ratings 
o! the two are approximately the same, about 
ove mm. of unit-density material. 

Availability and economy are favorable at- 
tributes of the Sr” applicator, which can be 
purchased at about one third of the cost 
of the radium-D and Iliff (50 mg. radium) 
applicators, and, of course, at a much smaller 
fraction of the cost of repeatedly using com- 
riercial radon. 

Disadvantages. The disadvantages of the 
Sr” applicator, on a purely physical and 
economic basis, at first would appear to be 
few. The Sr® applicator, however, has not 
been fully evaluated experimentally and clini- 
cally, but it may not come up to earlier ex- 
pectations. 

If the just-mentioned preliminary results 
are substantiated by further studies now in 
progress, and if these findings are not greatly 
different with other similar strontium appli- 
cators, it will mean, as in the case of the 
radium-D applicator,’ seriously prolonged 
treatment times in the clinic. Radon is 
probably something over three times as 
effective as the Sr® applicator being used 
in these studies, when the two applicators 
are compared on an equal gram-second 
basis. 

Since, with our present Sr® applicator 
(RA-1, no. 29), some of the treatment times 
exceed 10 minutes, the lack of a mechanical 
holding device for this instrument is a dis- 
advantage, at times causing considerable in- 
convenience. 

The applicator is too large in diameter to 
be applied without some difficulty when treat- 
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ing the upper or lower limbus or other 
limited areas. 

Although there has been an_ increased 
tendency to ulceration after Sr” irradiation 
of the rabbit corneas used in current studies, 
the clinical translation of this finding re- 
mains to be evaluated. Its threat, neverthe- 
less, must be considered a disadvantage until 
further experience has proved otherwise. 

Clinical considerations. lf treatment times 
prove to be as prolonged for all Sr® ap- 
plicators as for the one used in our clinic, it 
will be inconvenient to use for many ocular 
conditions, especially those which are exten- 
sive enough to require multiple applications. 
Accuracy of dosage, moreover, is difficult to 
obtain when ocular fixation and steadiness of 
the applicator must be maintained during 
long’ periods. 

In general, the effects of clinical treat- 
ments are certain to be unpredictable with 
these applicators at first, because of the fact 
that the physical measurement of beta radia- 
tion and calibration of beta applicators is not 
yet fully dependable as a basis for calculat- 
ing the dosage which will produce an ex- 
pected radiobiologic effect. Therefore, it is 
necessary for clinicians using a new applica- 
tor.to proceed with great caution, a: least for 
several months, until effective but safe doses 
can be established, or, ideally, first to stand- 
ardize each new applicator on the rabbit cor- 
nea before attempting any clinical use. 

It would appear, preliminarily, that the 
Tracerlab Sr® applicator (RA-1), as it is 
now constructed, may have only limited use 
in ophthalmic conditions usually amenable 
to beta-radiation therapy, although the exact 
indications and limitations will have to be 
determined by further experimentation and 
clinical experience, in addition, perhaps, to 
modification of the present applicator de- 
sign and dose rate. 


CONCLUSION 


Several ophthalmic beta-irradiation ap- 
plicators are reviewed and compared. The 
choice of a beta applicator for clinical use 
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must be made according to the user’s needs. 
Since these needs vary, the problem must 
be individualized, and there can be no logical 
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ever, many of the characteristics which 
might be considered important are used as 
points of comparison for the applicators dis- 


cussed. 
1040 West Michigan Street (7). 


generalization concerning a single, “best” 
applicator. Regarding this problem, how- 
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PRACTICAL SUGGESTIONS FOR THE PREPARATION AND MAINTENANCE 
OF STERILE OPHTHALMIC SOLUTIONS* 


Frepertck H. M.D., AND Ropsert R. FEeINsTeIN 
New York 


Following recent communications’? on 
the subject, numerous inquiries were re- 
ceived requesting practical suggestions for 
the preparation of sterile ophthalmic solu- 
tions that would be relatively resistant to 
contamination after opening. This paper will 
present simple methods for making such 
solutions, methods that should be readily ap- 
plicable to ordinary retail and _ hospital 
pharmacy procedure. 

Although these communications em- 
phasized the dangers inherent in contami- 
nated commercial eye solutions, there was 
no intent to minimize the hazards inherent 


* Presented before the New York Society for 
Clinical Ophthalmology, May 5, 1952. 


in similar contamination of eye solutions 
prepared in pharmacies. The main source of 
danger as regards commercially prepared 
solutions is the long time interval between 
manufacture and use by the patient, which 
permits contaminants to grow profusely. 
Hospital pharmacies and, often, retail 
pharmacies are accustomed to prepare large 
stock bottles of commonly prescribed oph- 
thalmic solutions which, if made without re- 
gard to sterility and without preservatives, 
often serve as excellent culture media. In 
either case, by the time the patient uses the 
solution it may be loaded with organisms. 

The bacterium that, for practical purposes, 
may be considered the major, or even the 
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sole offender of importance, in the light of 
recent experiences, is Pseudomonas aeru- 
ginosa (B. pyocyaneus), which can cause the 
most serious type of corneal ulcer en- 
countered. It grows readily in most media, 
producing pigments that have antibacterial 
actions. This is probably the reason pure cul- 
tures are grown from drugs infected with 
Pseudomonas. 

Solutions of the following ophthalmic 
drugs have been found to be contaminated 
with this organism: (1) Fluorescein, (2) 
eserine, (3) pilocarpine, (4) scopolamine, 
(5) atropine, (6) ethyl-morphine hydro- 
chloride, (7) cocaine, (8) nupercaine, (9) 
pontocaine, (10) cortisone, (11) sulfona- 
mides, (12) methyl cellulose, (13) sodium 
chloride, and (14) tap water. 

Since our own experience has covered con- 
taminations with almost all of the drugs 
listed, some of which (methyl cellulose, 
saline solution, and tap water) are reported 
here for the first time, we believe that there 
are very few ophthalmic drugs, including 
antibiotics, in which the organism cannot 
grow. 

An excellent paper on the subject was 
written by McCulloch in 1943.* He stressed 
the special tendency of the Pseudomonas to 
grow in both fluorescein and eserine and 
recommended the addition of merthiolate or 
chlorobutanol as the best anti-infective 
agents. McCulloch stated that five of his 
series of 18 cases of corneal ulcers due to 
Ps. aeruginosa were traced to contaminated 
eye solutions. 

In the clinical experience of one of us 
(F. H. T.), it appears that almost every 
Pseudomonas infection encountered was due 
to contamination of eye solutions or, pos- 
sibly, ointments. In fact, it is amazing how 
few clinical infections actually do occur in 
view of the many times we have found 
abundant growth of the bacteria in such eye 
solutions, indicating how effectively the in- 
tact corneal epithelium serves as a barrier 
against micro-organisms. 

A bacterial study of the fluorescein in use 
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throughout a hospital, undertaken by one of 
us some years ago, showed that all 26 bottles 
were infected with Ps. aeruginosa; 10 out 
of 15 solutions in the offices of ophthalmol- 
ogists were likewise contaminated. Since 
nosedrops have also been found to contain 
Pseudomonas,‘ a warning concerning their 
use in ophthalmic so!utions should be given. 


SUGGESTED PROCEDURE 


We have found that the technique herein 
advocated is successful and will result in 
bacteria-free solutions. Infection with viruses 
during compounding is extremely unlikely, 
although theoretically possible. Contamina- 
tion of eye solutions by viruses appears to 
occur as a result of inoculation of the solu- 
tion by the eye-dropper after accidental con- 
tact with an infected eye. 


EQuIPMENT 

The equipment necessary is quite inex- 
pensive, easily obtainable from laboratory 
supply houses, and occupies very little space. 
Hospital pharmacies and other pharmacies 
using stock bottles of solutions need: 

1. An ordinary pressure cooker adjustable 
to 15-lb. pressure to sterilize bottles and 
droppers. (In a hospital these may be auto- 
claved. ) 

2.* A Selas porcelain candle (0.02 poros- 
ity, catalog number V.F.A.-88) supplied with 
mantel and rubber stopper to fit a 1,000-cc. 
filter flask. Many types of ceramic or asbestos 
filters carry electrical charges which may re- 
move active ingredients from solutions. The 
Selas type is neutral. 

3. A 1,000-cc. filter flask. 

4. A water-powered vacuum pump with 
pressure tubing. 

5. A Westinghouse ultraviolet “Steri- 
lamp” (S.U.-793). 

For the preparation of individual non- 
stock prescriptions, a smaller Selas candle 
(0.02 porosity, catalog number V.P.-86, 1.0 


* These are manufactured by the Selas Corpora- 
tion of America, Philadelphia, Pennsylvania. 
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inch by 7.25 inches)* and a 125-ce. filter 
flask with a one-hole rubber stopper to fit 
are needed. 


Merrnop 

The procedure is as follows: 

1. All equipment in contact with the solu- 
tions must be sterilized. The individual bot- 
tles and droppers are sterilized in the pres- 
sure cooker at 15-lb. for 30 
minutes. They are assembled loosely, not air- 
tight, to avoid collapse of the rubber nipples. 
After cooling, the caps may be tightened. 

2. The prescription is compounded in the 
usual fashion, using a saturated solution of 


pressure 


chlorobutanol as the vehicle. To save time, 
it is advisable to prepare such a vehicle in 
advance because of the low solubility of the 
preservative. The solution is then filtered 
through the Selas filter into the flask, and 
later poured into the sterile contaimer. 

3. All filtration and transfer of solutions 
must be done directly under exposure of the 
Sterilamp to avoid airborne contamination. 


The lamp is placed immediately above the 
field of operation so that the pharmacist’s 
eyes and face are not exposed to the ultra- 
violet rays. Other sterile techniques such as 
a face mask or sterile gloves are not required 
except when many individual small units of 


the drug are to be prepared at one time. 

In hospital pharmacies it is preferable to 
fill a number of individual small dropper bot- 
tles immediately, rather than to use large 
stock bottles. Cork stoppers should never be 
used because they are difficult to sterilize 
and, due to their spongy texture, may carry 
infection. Separate droppers obviously are 
unsatisfactory. 

This filtration procedure is practical for 
almost all ophthalmic solutions in common 
use except fluorescein and methyl cellulose, 
which clog ceramic filters. 

Since autoclaving or boiling will not alter 
the staining properties of fluorescein it may 
be sterilized by these methods. Merthiolate 
(1:10,000) should be used as a preservative. 
Chlorobutanol, which is destroyed by pro- 
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longed heating, may be added to warm solu- 
tions as an extra precaution. 

Methyl cellulose may similarly be heat- 
sterilized, with merthiolate, and brought 
back to its original clarity by refrigeration 
at 5°C. for 24 hours. 

Heat sterilization of ophthalmic solutions, 
either by boiling or autoclaving, is widely 
used, especially in hospitals. With the ex- 
ception of fluorescein, boric acid, sodium 
propionate, metycaine, and holocaine, as a 
general rule all ophthalmic medicaments, 
especially alkaloids, are altered in potency 
and in chemical character by heat steriliza- 
tion. These changes accelerate the deteriora- 
tion of the active drug. 

If only heat sterilization is available to the 
ophthalmologist, he should remember that 
solutions so sterilized may show variations 
in potency and activity, as well as untoward 
reactions due to degradation of the active 
drug. Merthiolate (1:10,000) should be used 
as a bacteriostatic agent. Such solutions are 
best replaced after seven days. In general, 
it is felt that drugs sterilized by heat should 
be used only in operating rooms and should 
be discarded the same day. 

What precautions should the ophthalmol- 
ogist take in regard to solutions used in his 
office? He should, first of all, insist on ob- 
taining sterilely prepared solutions, with 
added preservatives, made in accordance with 
the principles already outlined. These sterile 
solutions should be bottled in small con- 
tainers (7.5 to 15 cc.), never in large stock 
bottles. If he does not care to discard a 
rarely-used bottle of an expensive solution, 
he may add a few crystals of chlorobutanol 
with a sterile forceps every few weeks. In 
addition, the ophthalmologist and his assist- 
ant must guard against contamination of the 
eyedropper, especially if it has touched an 
infected eye. If bacterial contamination is 
suspected, the dropper may be resterilized by 
boiling or by alcohol. If viral infection is 
suscepted, the dropper or the solution should 
be discarded. 


The choice of effective anti-infective 
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agents to maintain sterility is of the greatest 
importance. Recently in Britain, three 
Pseudomonas corneal ulcers occurred in one 
hospital. They were traced to contaminated 
bottles of eserine and saline which had orig- 
inally been prepared sterilely, but had been 
in use fora short time. 

There are several reasons why chloro- 
butanol and merthiolate are advocated as 
preservatives. First, they are compatible with 
all commonly used ophthalmic drugs. Sec- 
ond, they appear more effective against 
Pseudomonas aeruginosa (B. pyocyaneus) 
than other antiseptic agents recommended. 
Third, they are not inactivated by body 
fluids. Of the two, chlorobutanol is prefer- 
able, because sensitivities to it have not been 
encountered in our experience and must be 
extremely rare. 

Quaternary ammonium compounds are not 
compatible with fluorescein, or salicylate and 
nitrate radicals. They may be inactivated by 
soaps. Moreover, their use against Pseudo- 


monas is not recommended.* Furthermore, in 
high concentrations they may prove irritat- 
ing. In addition, there is evidence that these 
compounds may also be inactivated by some 
types of rubber because of the curing agents 
used. 

Since the publication of the communica- 
tions» * which pointed out the lack of specific 
governmental regulations concerning the 
sterility of eye medicaments and stressed the 
hazards of secondary ocular infections that 
may occur in the contamination of com- 
mercially-prepared eye solutions, several in- 
vestigations have been made and it is hoped 
that the proper legal safeguards will be 
enacted to prevent such infections in the 
future. One definite advance has been made : 
the American Medical Association Council 
on Pharmacy and Chemistry now requires 
sterility of ophthalmic solutions as a pre- 
requisite for council approval. 

667 Madison Avenue (21). 

153 Waverly Place (14). 
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EFFECT OF ACTH ON NORMAL OCULAR TENSION* 


CuHarces W. Titvett, M.D. 
Baltimore, Maryland 


The purpose of this study was to deter- 
mine the effect of ACTH on the intraocular 
pressure of normal eyes. The sodium-retain- 
ing effect of this hormone has suggested 
that it might cause some elevation of intra- 
ocular pressure. 

Data on patients with known glaucoma 
have been reported by Blake, Fasanella, and 
Wong" who observed that ACTH does not 


*From the Wilmer Ophthalmological Institute 
of The Johns Hopkins University and Hospital. 


reduce intraocular pressure in primary glau- 
coma. In several patients with uveitis re- 
ceiving ACTH, McLean® observed that an 
exacerbation of secondary glaucoma might 
occur and, in fact, that secondary glaucoma 
might develop when it was not present prior 
to treatment. In the recent Gifford Memorial 
Lecture, Woods* noted the inconsistent re- 
sults of ACTH and cortisone in secondary 
glaucoma, in some cases the tension being 
dramatically controlled and in others the 
tension being unaffected. 
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TABLE 1 
RECORD OF INTRAOCULAR PRESSURE MEASURED BEFORE AND DURING ACTH THERAPY 
(When initial dose differs from that being given on the day of reexamination, both dosages are listed.) 


| Re-exami- | Tension | Tension 
| Age. Se | Eosino- nation Before | While 
Patient | 8S >e% Diagnosis Therapy phil (Day of | Rx | on Rx 
Response| Treat- |(mm. Hg|(mm. Hg 
ment) | Schi¢tz) | Schigtz) 
#1. M.G.| 19 WF | Disseminated lupus | 20mg. q6hI.M.| Yes Sth 19 18 
| erythematosus 19 17 
#2 M. F. 44 WF | Bronchial asthma Start 50 mg. q6h Yes 7th 15 15 
I.M. 15 15 
Day of exam 10 
4 mg. q6h I.M. 
43L. B. | 44 WF | Rheumatoid 25 mg. q6h I.M. Yes 4th 20 23 
; arthritis 20 23 
44 J.S. | 35 WM Marie Strumpell | 25mg.q6hI.M.| Yes 6th 19 19 
arthritis 17 19 
#5H.M.| 45 WF | Rheumatoid 25 mg. q6h I.M. Yes 6th 15 19 
arthritis 15 19 
#6 H. W.| 19 WM | Disseminated lupus | 25mg. q6hI.M.| Yes 16th 19 16 
: erythematosus 19 16 
#7 K. K. | 44. WM | Rheumatoid 15 mg. q6h I.M. Yes 9th, 13th 23 27«21 
arthritis 22 26 23 
$8 J.F. | 36 WM | Ulcerative colitis | 25mg.q6hI.M.| Yes Sth 20 22 
19 19 
#9 F.H. | 29 WF | Disseminated lupus | Start 25mg.q6h | Yes Oth 17 17 
' erythematosus I.M. 15 19 
Day of exam 5 
mg. q6h I.M. 
410 J. B. | 55 WM | Rheumatoid 15 mg. q6h I.M. Yes 9th 17 17 
arthritis 15 17 
au1rS.S. 41 WM | Disseminated lupus | 20 mg. q6h1.M. Yes 16th 14 17 
erythematosus 13 17 
412G.P. | 45 WF | Rheumatoid 20 mg. q6h I.M. Yes 10th 19 16 
arthritis 19 16 
#13C. J. | 36 CF | Sarcoidosis 50 mg. I.V. q.d. Yes 7th 19 17 
19 19 
#14.B.S. | 28 CF | Sarcoidosis Somg.1V.ed.| Yo | sd | 19 | 19 
| | j 21 19 
#154. H. | 20 CM | Sarcoidosis | SOmg.1.V.qd.| Yes | 9th | 19 19 
| 19 16 
METHOD OF sTUDY disease: one had sarcoid lesions involving 


Twenty-one patients on the medical wards the iris but no active inflammation of the 
of The Johns Hopkins Hospital were used as eye and the other had diabetic retinopathy. 
subjects. Their ages ranged from 18 to 66 The initial dose of ACTH varied from 15 
years. Only two of these had intraocular to 35 mg., every six hours, intramuscularly. 
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TABLE 2 


PROVOCATIVE TEST FOR GLAUCOMA: INTRAOCULAR PRESSURE BEFORE AND 30 MINUTES 
AFTER INGESTION OF 1,000 CC. OF WATER 


(When initial dose of ACTH differs from that being given on day of test, both dosages are listed.) 


Patient Diagnosis 


Therapy 


Day of 
Treat- 
ment on 
which 
Test 
Per- 
formed 


Control 
Tension 
(mm. Hg 
Schi¢gtz) 


Eosinophil 
Response 


Diabetic 
retinopathy 


#1T.W.| 22 WM 


35 mg. q6h I.M. 


5th 23 
23 


Disseminated lupus 
erythematosus 


25 mg. q6h I.M. : 17 


20 


Disseminated lupus 
erythematosus 


Sarcoidosis 


50 mg. I.V. qd. 24 


50 mg. I.V. q.d. 17 


23 


19 


Sarcoidosis 


50 mg. I.V. q.d. 19 


19 


Myasthenia gravis 


30 mg. q6h I.M. 20 


20 


Rheumatoid 
arthritis .M. 


Start 25 mg. q6h 16 


Day of test 20 
mg. q6h I.M. 


16 


Rheumatoid 
arthritis 


50 mg. q.d. 


Not 
determined 
(excellent 
clinical 
response) 


Acute rheumatic 
fever 


Multiple myeloma 


In six patients 20 to 50 mg. were adminis- 
tered intravenously each day. The patients 
were placed on a four-gm. salt diet with 
potassium chloride supplement. They were 
carefully followed. Frequent eosinophil 
counts and daily weight and blood-pressure 
determinations were taken. 

The first 15 patients were handled as fol- 
lows: 

Prior to onset of treatment, an examina- 
tion was performed which included vision, 


20 mg. I.V. q.d. No 


25 mg. q6h I.M. 


(excellent 
clinical 
response) 


No (un- 
satisfactory 
clinical 
response) 


manifest refraction, external, slitlamp, and 
ophthalmoscopic examinations. The intra- 
ocular pressure was measured using a stand- 
ard Schigtz tonometer. At intervals varying 
from the third to the 16th day after onset 
of therapy, and while the patient was still 
under active treatment, an identical exami- 
nation was performed. 

Examinations were performed at various 
times of day, from early morning to eve- 
ning; in one case, an all-day tension curve 


661 
| Water 
at 
| (mm. Hg 
Schigtz) 
| 
#2A.G. | 37 WF 20 
4 | 21 
#3 M.G.| 19 WF 28 
25 
19 
3 3 
46M.B.|24 WF | | 
17 
#7G.P. | 45 WF 21 
21 
8L.D. | 36 WM Sth 27 30 
“$9 W.W.| 18 CM 49th 22 24 
| 22 24 
| | 12th is | 2 
17 20 
| | | 


662 CHARLES W. TILLETT 


was taken while the patient was on treat- 
ment. In every case but one, the hormone 
produced a satisfactory eosinophil response 
or clinical response or both. 

Results are shown in Table 1. There was 
no significant change in tension in this group 
of patients while on ACTH. A borderline 
elevation in Patient 7 was not present when 
measured four days later. The single patient 
on whom an all-day tension curve was per- 
formed showed no elevation. There was no 
effect on visual acuity or refractive error. 

In a second group of 10 patients, including 
four of those already studied, a provocative 
test for glaucoma was performed while 
under active ACTH therapy. The water test 
was used, according to the method outlined 
by Sugar.* One liter of water was adminis- 
tered. Tension was measured before ad- 
ministration, 30 minutes later, and, in some 
instances, at 60 minutes. An elevation of 9 
mm. Hg or over 32 mm. Hg was considered 
a positive test. In one case cold-pressor and 
venous-congestion tests were performed. 

Results are shown in Table 2. In no case 
was there an abnormal rise in tension fol- 


lowing the water test. In one case the cold- 
pressor and venous-congestion tests were 
likewise negative. 

It should be noted that all patients in this 
series were on a moderately salt-restricted 
diet. Even on such restriction there was slight 
fluid retention in some patients as determined 
by weight gain. The results of this study do 
not entirely rule out the possibility of an ef- 
fect on intraocular pressure when there is no 
salt restriction. However, on the standard 
ACTH regime, which includes salt restric- 
tion, no effect was noted. 


SUMMARY 


1. In a group of 15 patients with normal 
or nonglaucomatous eyes, no significant ele- 
vation in intraocular pressure was detected 
while on ACTH treatment. 

2. In the same group, no change in visual 
acuity or refractive error was noted while on 
treatment. 

3. In a group of 10 patients under active 
ACTH treatment, the response to provoca- 
tive tests for glaucoma was negative. 

The Johns Hopkins Hospital (5). 
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OPHTHALMIC MINIATURE 


I find that the whole operation takes from two to three minutes— 


twenty to thirty cataracts in an hour. 


Lt. Col. Henry (Jullunder) Smith, 
British Medical Journal, September 26, 1903. 
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CORTISONE IN OCULAR DISEASE: 


FURTHER STUDIES* 


James E. M.D. 
New York 
AND 
IrvinG H. Leopotp, M.D. 
Philadelphia, Pennsylvania 


In a preliminary report’ the results of the 
treatment of 142 eyes with cortisone at the 
Wills Hospital were analyzed. This papertis 
an account of the follow-up of those cases, 
plus a similar study of 202 additional eyes 
which were also treated with cortisone. The 
study was continued primarily to increase the 
number and length of observations, and par- 
ticularly to determine the influence of this 
hormone on traumatic and postoperative 
wound healing, on sympathetic ophthalmia, 
phaco-anaphylactic and hypertensive uveitis. 

The methods of cortisone therapy used in 
this series of cases are outlined in Table 1. 
The eye was anesthetized with three drops 
of tetracaine hydrochloride (0.5 percent) 
before the subconjunctival injections. Corti- 
sone eye drops were suspended in normal 
saline or 1 :5,000 zephiran solution. 

Most of the eyes in this series were treated 
at the onset with subconjunctival cortisone. 
Cortisone eye drops, in the dilutions de- 
scribed, were used principally in those cases 
which had improved with subconjunctival in- 
jections, but which had tended to relapse if 
cortisone therapy was not continued. Corti- 


*From the Research and Clinical Departments 
of the Wills Hospital. Presented at the third Wills 
Eye Hospital Clinical Conference, March, 1951. 


sone was used systemically in those cases 
which had not responded adequately to sub- 
conjunctival therapy. 

The administration of systemic cortisone, 
in the manner noted in Table 1, was con- 
tinued no longer than 12 days in each case. 
If no significant improvement had occurred 
in that time, the eye was considered not to 
be improved by cortisone when used sys- 
temically. Cortisone used over an indefinite 
time cannot be evaluated readily as a ther- 
apeutic agent, as many ocular inflammations 
are self-limiting. 


CoNCURRENT THERAPY 

In most of the cases, when indicated, 
mydriatics or miotics and hot compresses 
were used along with the cortisone. Many of 
the cases had had fever therapy and/or anti- 
biotics with no improvement before corti- 
sone was begun. Subsequent improvement 
was obtained with fever therapy in two 
cases of posterior uveitis which had not im- 
proved with systemic cortisone therapy. 


CRITERIA OF EVALUATION 
Those cases which revealed changes from 
active, severe inflammation to little or no in- 
flammation were considered to be improved. 
This improvement had to progress to com- 


TABLE 1 
METHODS OF CORTISONE THERAPY EMPLOYED IN PRESENT STUDY 


1/20 ce. 25 mg.) daily x3 
11/10 cc. (2.50 mg.) daily X3 


Subconjunctival cortisone 


Cortisone used as eyedrops 


‘Cortisone diluted 1 to 4 in normal saline. 
\Cortisone diluted 1 to 4 in 1:5000 zephiran solution. 


Cortisone = mg. every 8 hours for 3 doses, 


Cortisone used systemically | Cortione 100 mg. every 12 hours for 2 doses, 


hen— 


T 
le ortisone 100 mg. daily for the duration of the course of treatment. 


Retrobulbar cortisone 


{Cortisone 2 cc. (50 mg.) plus 4 cc. Novocain 2% 
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TABLE 2 


OCULAR CONDITIONS TREATED WITH CORTISONE 


Mode of Therapy 


Number Im- Unim- Re- 


Etiology 


Diagnosis 
junctival 
Blepharitis Staphylococcus? 
Seborrhea? 
Allergy? 
Blepharoconjunctivitis Atropine 5 
Ocular pemphigus ? 2 
Erythema multiforme Allergy? 2 
Vernal conjunctivitis Allergy? 
Episcleritis Allergy? 2 


plete quieting of the disease process or the 
case was considered to have relapsed. Most 
of the cases which relapsed were subse- 
quently improved with further cortisone 
therapy. Unimproved was the descriptive 
term used for all those cases which did not 
respond significantly to cortisone therapy. 
The results in 22 cases did not lend them- 
selves to such evaluation. These cases are 
reported but not tabulated. 


TYPES OF CASES AND RESULTS 


The types of cases studied, the number of 
eyes treated, the method of therapy, and the 
results of therapy are listed in Tables 2, 3, 
4, and 5 and further summarized in Tables 
7, 8, and 9. The results obtained in the treat- 
ment of palpebral, conjunctival, corneal, 
scleral, and uveal diseases with cortisone 
were almost identical with those reported 


of Eyes proved proved lapsed 


Drops 
5 5 3 2 
5 5 4 
2 2 2 
2 2 2 
3 3 
3 5 3 


earlier’ and are similar to the results re- 
ported by others.?-**'*** The results ob- 
tained in a few conditions merit special at- 
tention. 


POSTOPERATIVE UVEITIS 


Of the 26 cases of postoperative uveitis 
which were not thought to be either sym- 
pathetic ophthalmia or phaco-anaphylactia, 
only four were not improved. The results in 
these cases were most gratifying since many 
of the cases had not responded to other 
forms of therapy, including antibiotics and 
fever therapy, which had been given previous 
to cortisone. 


PHACO-ANAPHYLACTIC UVEITIS 


Four cases of phaco-anaphylaxis were 
treated with cortisone locally, only one of 
which failed to respond to therapy. 


TABLE 3 


OCULAR CONDITIONS TREATED WITH CORTISONE 


Mode of Therapy 


Diagnosis Etiology Subcon- Drons of proved proved lapsed 
junctival “T°PS temic 

Marginal corneal ulcers Allergy? 4 1 5 3 2 
Deep corneal ulcers ? 10 5 11 6 5 
Ring abscess of the cornea ? 1 1 1 
Phlyctenular keratitis Allergy 1 1 1 
Dendritic keratitis Herpes simplex 5 5 2 2 1 
Superficial keratitis Virus: Allergy? 6 6 9 x 1 
Sclerosing keratitis Allergy 3 2 3 2 1 
Chemical keratitis Lime 4 2 1 °6 5 1 
Interstitial keratitis Congenital lues 8 1 9 1 8 
Interstitial keratitis Nonluetic 10 3 1 11 5 2 5 
Corneal dystrophy ? 1 2 3 3 
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TABLE 4 
OCULAR CONDITIONS TREATED WITH CORTISONE 


Diagnosis Etiology 


| Undiagnosed 
Anterior | Postoperative 
uveitis | Traumatic 
\Sarcoid 
‘Herpes zoster 
| Phaco-anaphylaxis 
{Sympathetic ophthalmia 
Vogt-Koyanagi 
Harada 
Posterior uveitis—U ndiagnosed 
Endophthalmitis—Postoperative 


Diffuse 
uveitis 


POSTERIOR UVEITIS 

Thirty-five cases of nonspecific uveitis 
were treated in this series. Eighteen cases 
were not improved ; many of these cases may 
have been treated inadequately, that is, with 
subconjunctival or drop cortisone. Of the 
35 cases of posterior uveitis which are 
charted in Table 10, 14 were treated with 
cortisone systemically, and only three of the 
eyes failed to improve. Two of these unim- 
proved eyes were later improved with fever 
therapy. 

The 11 eyes which did improve following 
systemic cortisone did so gradually. One of 
these cases relapsed, but now remains quiet 
with cortisone drops. Of the eight cases 


Mode of Therapy 


Unim- 


Sys- 
temic 


bulbar 


| 


which were treated with cortisone injected 
into the retrobulbar space, four were im- 
proved. 

Thirteen of the cases were treated with 
cortisone locally ; two of these improved but 
these two cases were treated with subcon- 
junctival and drop therapy over a long period 
of time, and time itself may have been instru- 
mental in effecting improvement. 


SYMPATHETIC OPHTHALMIA 


The results of cortisone therapy in cases 
of bilateral diffuse uveitis following uveal 
tract surgery or trauma are tabulated in 
Table 11. In six of these cases, one of the 
eyes has been enucleated. Study of the globe 


TABLE 5 
OCULAR CONDITIONS TREATED WITH CORTISONE 


Mode of Therapy 


Im- Unim- Re- 


Etiology Subcon- 


junctival Drops 


Sys- 
temic bulbar Eyes 


proved proved lapsed 


Retro- of 


Juvenile 


Senile 


degeneration 
Macular 
degeneration 
Retinitis 
pigmentosa 
Eales's disease 
Retrobulbar 
neuritis 
Retrolental 
fibroplasia 
Central serous 
retinitis 


? 
Tuberculous? 
Multiple 


sclerosis 
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TABLE 6 
SUMMARY OF RESULTS OF CASES TREATED 
WITH CORTISONE 


Number of Eyes Treated* 
Mode of Therapy 
Subconjunctival 
Drops 
Systemic 
Retrobulbar 
Results 
Improved 


Unimproved 


Relapsed 


* 22 treated eyes were reported but not tabulated 


TABLE 7 


CONDITIONS DEFINITELY IMPROVED BY CORTISONE 
ACETATE AS ADMINISTERED IN THIS STUDY 


Bacte ial —Blepharitis 
{ Drug sensitivity 
| Episcleritis 
Il. Possible allergic erficial keratitis 


I. Infections 


states Nonluetic interstitial keratitis 
Uveitis 


TABLE 8 


CONDITIONS IN WHICH CORTISONE AS USED IN 
THIS STUDY IS OF QUESTIONABLE VALUE 


Viral Dendritic keratitis 
herpes zoster 
{Deep corneal ulcers 
II. Possible allergic | Sclerosing keratitis 
states \V ernal conjunctivitis 
\ Marginal corneal ulcers 
Chemical burns Lime 


TABLE 9 


CONDITIONS NOT IMPROVED BY CORTISONE AS 
ADMINISTERED IN THIS STUDY 


I. Infections 


(Bacterial—U veitis due to bru- 
cellosis 

Possibly 
Sarcoid 

Possibly viral 
agi; Harada 


. Infections bacterial—Uveitis; 


—Vogt-Koyan- 


(Luetic interstitial keratitis 
Erythema multiforme 
Ocular pemphigus 

Eales's disease 

Central serous retinitis 


. Possible allergic 
states 


Ring abscess of the cornea 
Corneal dy strophy 
Retrobulbar neuritis 
Macular degeneration 
Retrolental fibroplasia 


. Unknown 
etiology 
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has established the diagnosis of sympathetic 
ophthalmia in five of the eyes. 

Of the 16 eyes, seven were treated with 
cortisone locally and three of these were im- 
proved with no further treatment. One of 
the eyes was improved but relapsed when 
therapy was discontinued. It improved again 
with more therapy and is now quiet with the 
use of cortisone drops. In these four cases 
the inflammatory process was diffuse, but 
most marked in the anterior segment. 

In the three cases that were unimproved 
with subconjunctival cortisone therapy, the 
uveitis was more severe and largely confined 
to the posterior segment. Of the nine eyes 
that were treated with systemic cortisone 
therapy, two were unimproved. These two 
cases which did not improve failed to benefit 
from any other form of therapy. 

Five of the cases described in Table 11 re- 
lapsed each time cortisone therapy was dis- 
continued. These patients are required to 
use cortisone solution drops, one drop in the 
affected eyes at least two to three times a 
day, in order to keep the inflammatory proc- 
ess quiet. 

It is interesting to note that, in some cases, 
in the presence of any mild illness such as an 
upper respiratory infection, the need for the 
drops is increased and patients have learned 
to regulate the frequency of the use of the 
drops to correspond to the situation. 

Those cases of bilateral diffuse uveitis fol- 
lowing surgery or trauma which were treated 
with systemic cortisone received this ther- 
apy for a period no longer than 14 days. 
Local cortisone in those cases which did not 
relapse was required from eight to 21 days. 
One of the cases which tends to relapse has 
received cortisone drop therapy intermit- 
tently over a 10-month period. 

One cannot always be certain of the diag- 
nosis of sympathetic ophthalmia, but there 
was definite improvement in the sympathiz- 
ing eye of the cases that had been diagnosed 
by histologic examination of the exciting eye. 
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TABLE 10 
POSTERIOR UVEITIS 
(nonspecific) 


Number of Eyes 


Type of Therapy Im- Unim- Re- 


proved proved lapsed 


Subconjunctival cortisone 2 
Cortisone solution-eyedrops 0 
Systemic cortisone 7 
Combination: Systemic and 
local cortisone 
Retrobulbar cortisone 
Summary 
Systemic therapy 
Local therapy 
retrobulbar) 
Number of eyes treated—35. 


(including 


HYPERTENSIVE UVEITIS 

Sixteen cases of anterior uveitis with sec- 
ondary glaucoma were treated in this series. 
The results obtained are outlined in Table 
12. Of the 16 cases the glaucoma was 


TABLE 11 


BILATERAL DIFFUSE UVEITIS FOLLOWING SURGERY 
OR TRAUMA TO THE UVEAL TRACT 


(Sympathetic ophthalmia?) 


Number of Eyes 


Type of Cortisone : 
Therapy Im- Unim- 
proved proved 
3 
Systemic 2 


Total 5 
Total number of eyes treated: 16 
Improved: 5 


Improved, then relapsed, with improvement 
continued with cortisone drops: 
Unimproved: 


controlled in only nine cases. In three of 
these, the glaucoma had not been controlled 
with mydriatics and hot compresses. This 
had been the only form of therapy for two 
to three days prior to the beginning of corti- 


TABLE 12 
ANTERIOR UVEITIS WITH SECONDARY GLAUCOMA 


Type of Therapy 


No. Subcon- 
junctival 


Results 


Glaucoma not controlled 

Tension controlled. Uveitis relapsed but improved with further therapy 
and is now quiet with cortisone drops t.i.d. 

Glaucoma not controlled. No improvement with cortisone or any other 
method of therapy 

Glaucoma controlled by cortisone after mydriatics alone had failed 

Glaucoma controlled 

Glaucoma controlled 

Glaucoma controlled. Uveitis relapses when drops are discontinued 

Glaucoma not controlled. Uveitis due to bousdiiod Good response to 
streptomycin and aureomycin 

Glaucoma not controlled. No improvement with cortisone or any other 
method of therapy 

Glaucoma developed while patient was being treated with cortisone top- 
ically. Systemic cortisone did not improve the glaucoma or the uveitis 

Glaucoma not controlled. No improvement 

Glaucoma controlled. Improved 

Glaucoma not controlled. Glaucoma had been present 2 weeks 

Glaucoma controlled. Improved 

Mydriatics had been used 3 days with no improvement. Glaucoma con- 
trolled within 12 hours after onset of cortisone therapy 

Mydriatics had been used 2 days with no control of the glaucoma. Glau- 
coma controlled within 12 hours after cortisone therapy began 


Summary 
Number of eyes improved — 9 
Number of eyes unimproved— 7 
Number of eyes treated 16 


— 
9 
2 1 = 
2 5 
sy 1 1 6 
4 
3 1 
temic 
1 
2 x 
3 
‘ 
5 x 
6 
7 x 
7 | 
9 |_| y 
10 x x 
x 
12 
13 
15 
16 
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sone therapy. In three of the cases the intra- 
ocular pressure was within normal limits 12 
hours after the use of local cortisone. 
Cortisone was administered subconjunc- 
tivally in all but one of these eyes, and in 
this eye cortisone drops were employed. Of 
the seven eyes which did not respond to 
cortisone, five were unresponsive to any 
other therapy. One case of uveitis with sec- 
ondary glaucoma thought to be due to bru- 
cellosis was improved when streptomycin and 
aureomycin were administered systemically. 


CORTISONE FAILURES 


Table 9 lists those conditions which were 
not improved with cortisone. It is apparent 
that many of these conditions are degenera- 
tive rather than inflammatory. 

Of the 10 cases of macular degeneration 
only one was improved. This case is interest- 


ing in that in one eye the macula was seri- 
ously damaged due to degenerative changes 
that had their onset three years previously. 
The patient was admitted to the hospital 
with the complaint of diminished vision in 
the previously uninvolved eye. The macula 
in this eye revealed early changes consisting 
of edema and irregularity of pigmentation. 
After 1,000 mg. of cortisone had been given 
systemically, the macula appeared less 
edematous and the vision was improved from 
6/30 to 6/9. This improvement has been 
maintained with no further therapy for six 
months. 


RETROLENTAL FIBROPLASIA 


The four eyes with retrolental fibroplasia 
which were treated in this study were in the 
cicatricial stage and were more seriously in- 
volved than were the treated with 
ACTH by Reese and Blodi, and others.'"**" 
The eyes in this series were not improved. 


eyes 


CORTISONE AND SURGERY 
Nine cases, which are not tabulated, were 
given cortisone subconjunctivally before sur- 


gery. These cases were subject to recurrent 
attacks of uveitis but they were quiet at the 
time the cortisone was injected prior to the 
surgery. It was hoped that the cortisone 
would block a possible recurrence of the in- 
flammatory state during the postsurgical 
period. In another similar case, 475 mg. of 
cortisone were given systemically before sur- 
gery. In none of the 10 cases was there any 
recurrence of the uveitis during the hospitali- 
zation following the intraocular surgery. 
However, this may or may not have been due 
to the cortisone therapy. It is noteworthy 
that wound healing was uneventful in each 
of these cases. 

CORTISONE AND SEVERE OCULAR TRAUMA 

Twelve eyes which had been severely trau- 
matized were treated with cortisone in this 
study. These cases are not tabulated since 
results of therapy cannot be evaluated. In 
this group, nine of the cases had had severe 
lacerations of the cornea and/or sclera and 
there were intraocular foreign bodies in the 
other three eyes. 

Concurrent therapy in these cases included 
antibiotics, fever therapy, atropine, and hot 
compresses where indicated. With such an 
extensive use of other forms of therapy it is 
impossible to evaluate the use of cortisone 
in these cases. 

Eleven of the eyes quieted but appeared to 
do so no more rapidly than had cortisone 
not been used. One of the eyes developed 
endophthalmitis and was enucleated. Sym- 
pathetic ophthalmia did not develop in any 
of these cases. All of these eyes received 
reparative surgery. In no case was there 
evidence of delayed wound healing. 

CoRTISONE AND FEVER THERAPY 

There were nine eyes in this series that 
were not helped by previous fever therapy 
which did respond favorably to cortisone. It 
has been suggested that cortisone and fever 
therapy have some common physiologic ef- 
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fects.’’ The results obtained in these nine 
eyes and in the two cases which responded 
to fever therapy after cortisone had ap- 
parently produced no improvement, may sug- 
gest that the actions of cortisone and fever 
are not identical. 

Fever therapy may not mobilize adreno- 
cortical steroids to equal the concentration 
obtained by injected cortisone. This might 
account for the superiority of cortisone over 
fever therapy in the nine eyes that were not 
helped by fever therapy, but not for the 
superiority of fever therapy over cortisone 
in the two eyes. 


Discussion 


From the results obtained in the cases 
treated in this series and those obtained in 
the series reported by Haik and Waugh* 
and others, one may conclude that cortisone 
used systemically is the treatment of choice 
in sympathetic ophthalmia. Haik and Waugh 
report that many cases which are diagnosed 
as sympathetic ophthalmia are probably 
cases of endophthalmitis phaco-anaphylactia. 
Fortunately cortisone has been used success- 
fully in the treatment of both of these condi- 
tions, so that the differential diagnosis is not 
imperative therapeutically. 

Cortisone used locally improved three of 
the cases which were thought to be sympa- 
thetic ophthalmia. However, the more severe 
cases and those in which the exciting eye 
was proven to be sympathetic ophthalmia 
were improved by systemic cortisone. 

Thorpe*® reports that, in 10 cases of severe 
ocular trauma, cortisone or ACTH had im- 
proved or prevented traumatic uveitis and 
failed to hinder wound healing. In 12 similar 
cases in this series, no severe complications 
developed and there was no delay in wound 
healing. 

Ten cases, subject to recurrent uveitis, had 
been given limited quantities of cortisone 
preoperatively. No more was given than a 
total of 15 mg. subconjunctivally to each of 
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the nine eyes and 475 mg. systemically to one 
patient. There was adequate wound healing 
in each of these cases. Apparently cortisone 
will interfere with wound healing only when 
given in amounts greater than were used 
here. 

The ages of these 10 patients who were 
subject to recurrent attacks of uveitis 
ranged from 30 to 83 years. Most of the 
cases were in the 60- to 83-year age group. 
The patients who had had severe ocular 
trauma with no interference with wound 
healing with cortisone therapy were in the 
30- to 50-year age group. 

One might presume that the older patients 
would be more unfavorably influenced inso- 
far as wound healing is concerned when 
cortisone is used than would younger pa- 
tients. From the results obtained in this 
study, it appears that age is not an important 
factor in wound healing in the presence of 
cortisone. 


CONCLUSIONS 


1. Glaucoma secondary to uveitis may re- 


spond to local cortisone if the uveitis is 


quieted. 

2. Topical or systemic cortisone may block 
a recurrence of uveitis after intraocular sur- 
gery without interfering clinically with 
wound healing. 

3. Topical cortisone is of benefit in many 
inflammatory and allergic diseases affecting 
the lids, conjunctiva, sclera, cornea, and the 
anterior segment of the globe. 

4. Systemic cortisone is beneficial in cases 
of phaco-anaphylactia, oph- 
thalmia, and other inflammatory or allergic 
processes affecting the uveal tract. 

5. Some cases treated with cortisone tend 
to relapse when therapy is discontinued. 

6. Cortisone does not appear to be helpful 
in degenerative diseases of the eye. 
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THE SULFONAMIDES AND ANTIBIOTICS IN TRACHOMA* 
A. A. Srniscat,* M.D. 


Rolla, Missouri 


INTRODUCTION 


The role of the sulfonamides and anti- 
biotics in medicine generally is well estab- 
lished. In ophthalmology, these new agents 
have greatly increased the amplitude of oph- 
thalmic therapeutics. The sulfonamides have 
been found to be decidedly effective in pyo- 
genic infections of the eyelids, eyeball, and 
lacrimal apparatus; also streptococcic, 
pneumococcic, and gonococcic infections; in 
many other mixed infections, and again in 
some virus infections. 

More dramatically, the antibiotics too 
have displayed a decided specificity for the 
infectious conditions mentioned, showing an 
even greater degree of effectivity in many 
cases that were particularly resistant to treat- 
ment by sulfonamides. 

In trachoma, however, we must consider a 
chronic disease which is fairly resistant to 
treatment generally. It is believed to be 
caused by a small virus or rickettsial body 
( Prowazek’s cell inclusions) and produces a 
prolonged period of illness wherein the end 
point is not well defined. 

If unchecked or permitted to progress with 
only desultory treatment, the disease will 
result in cicatricial complications that affect 
both the eyelids and globe, and which are 
not readily resolved by treatment of any 
‘kind. Moreover, the stage at which trachoma 
ceases to be infectious is still a factor sur- 
rounded with some doubt. 

The infectious agent, too, soon after in- 
vasion, penetrates the subconjunctival layers 
of tissue and is difficult to reach with ordi- 
nary methods of bactericidal agents. Yet, the 
disease remains throughout a strictly local- 


*From the Missouri Trachoma Hospital. Read 
before the Section on Ophthalmology, American 
Medical Association, annual meeting, Atlantic City, 
June, 1951. 

t Medical Director, the Missouri Trachoma Hos- 
pital. 


- ized affair; and, except for involvement of 


the entire conjunctiva and its reflections and 
extensions over the anterior segment of the 
globe, it never invades the eyeball itself nor 
extends into the realm of other adnexal tis- 
sues. 

For these reasons, trachoma presents etio- 
logic, clinical, and pathologic characteristics 
not encountered in the ordinary run of con- 
junctival and corneal afflictions and, there- 
fore, it seemed desirable to study the new 
therapeutic agents over a long period of 
clinical trial before a satisfactory evaluation 
of their effects and results could be con- 
cluded. 


CLINICAL TRIAL 


To this end, the following named prepa- 
rations were put to clinical trial and the re- 
sults observed in a series of over 3,500 pa- 
tients at the Missouri Trachoma Hospital 
during the decade 1941 to 1951: 

Sulfanilamide, sulfapyridine, sulfathiazole, 
sulfathiazine, albucid (sulfacetimide), sodi- 
um sulfacetimide (albucid soluble), sulfamy- 
lon, Combisul (sulfadiazine, sulfamerazine 
and sulfathiazole combined), Gantrisin, peni- 
cillin, bacitracin, streptomycin, chloromyce- 
tin, aureomycin, and terramycin. 

Some of the sulfonamide drugs were used 
in tablet form for internal medication, and 
some in aqueous solution used as drops for 
local instillation into the conjunctival sac; 
both these methods being combined with 
use of the drug in ointment form for over- 
night application. 

The antibiotics were prepared as fresh 
buffered, aqueous solutions daily from the 
crystalline powders supplied in sterile vials 
and used for topical application every two 
hours. Bacitracin and terramycin ointment, 
500 units per gm., was used as an overnight 
coating for the conjunctiva. No intramuscu- 
lar or intravenous injections were tried. 
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Only surface applications of antibiotics 
were used since it had been reported ( Mil- 
ler') that systemic injections of adequate 
dosage do not produce measurable concen- 
trations of these drugs in the ocular ( particu- 
larly conjunctival) tissues and fluids. More- 
over, I felt that in cases of trachoma, at 
least, subconjunctival injections of antibiotics 
were not justifiable since simpler methods 
appeared as effective. Although either local 
or systemic injections are indicated in cases 
of intraocular, orbital, and uveal infections, 
in trachomatous conjunctivitis and keratitis, 
however, this form of therapy does not seem 
to be warranted. 

In trachoma, the ideal therapeutic agent 
should be one that combines specificity of 
action and speedy effects with bland or mild 
action when used locally on the cornea and 
conjunctiva. The older, harsh methods of 
treatment for this disease possessed none of 
these ideals ; for instance, the silver and cop- 
per salts in various concentrations applied di- 
rectly to tissue were not only nonspecific for 
the trachoma virus, but caused pain and dis- 
comfort to the patient, prolonged the period 
of treatment by traumatizing delicate mem- 
branes, and added to the cicatrization already 
present or on its way. 

Argyrol in various strengths from five to 
20 percent, protargol, and other silver-pro- 
tein preparations of recent years enjoyed a 
wide popularity, but resulted more often in 
staining of the conjunctiva (argyrosis) than 
in an amelioration of the disease. Other 
therapeutic agents of time-honored use were 
chaulmoogra oil, tartar emetic, quinine bi- 
sulfate, mercury perchloride, lead acetate, 
carbolic acid, acetic acid, glycerine, trachocid, 
and many others too numerous to mention. 

The early sulfonamides used about 10 
years ago, however, were found to be gen- 
erally bland in action, nonirritating to the 
patient, nonscar-forming, and somewhat spe- 
cific in action against the trachoma virus. Be- 
cause these solutions or salts were unable to 
be concentrated sufficiently for intensive 
local action, treatment was usually very pro- 
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longed. Further, toxic side reactions were 
not infrequent and resulted in discontinua- 
tion of the drug. 

For these reasons, the earlier salts such as 
sulfanilamide, prontosil, albucid, sulfathia- 
zole, and sulfadiazine did not prove ideal; 
but up to about 1945 were used almost ex- 
clusively at the Missouri Trachoma Hospital 
because they produced the quickest recovery 
with the least injurious effects. 

The usual routine was to administer drops 
of saturated aqueous solutions’ into the con- 
junctival sac hourly during the daytime, with 
tablets per os for internal medication during 
the first week or 10 days after starting treat- 
ment, both drops and tablets being given 
concurrently. 


SULFANILAMIDE 


The early results with sulfanilamide 
(about 1941 to 1942) were generally more 
satisfactory than with any previous routine 
of treatment. Locally, the conjunctival in- 
flammation showed early subsidence, tur- 
gescence was lessened, and photophobia im- 
proved quickly. Discomfort to the patient 
was lessened. The former use of the silver, 
copper, and zinc preparations had caused 
many to complain of the “hot shots” and of 
the burning and stinging of the conjunctiva 
following such administration. 

Side effects were fairly common, since 
sulfanilamide was also used internally at this 
time. Only occasionally did a sensitive indi- 
vidual complain of mild reactions from the 
drops, such as flushing of the face or mild 
swelling of the conjunctiva and eyelids. 


SULFACETIMIDE 


Because of reports in the literature that in- 
ternal administration of sulfanilamide was 
not a safe procedure, a need was felt for a 
sulfonamide drug that would be as efficacious 
as sulfanilamide, or more so, but without 
deleterious side effects. To this end albucid 
(sulfacetimide) was used experimentally, 
both internally (tablets 0.5 gm., dosage 45 
gr. per day) and locally in solution (satu- 
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rated) as eyedrops. It showed no dramatic 
improvement over sulfanilamide and was dis- 
carded, after several months’ use, during the 
summer of 1941. 


SULFATHIAZOLE 

Sulfathiazole was tried next in a five- 
percent solution and also as a pulverized solid 
dropped directly into the lower cul-de-sa¢ 
every two hours. The powder formed an in- 
soluble precipitate which remained as such in 
the conjunctiva, and proved to be of no 
greater efficacy than the sulfanilamide solu- 
tion (0.8 of one percent) used previously. 
Furthermore, the administration of the pow- 
der was laborious. The five-percent solution 
also was found to be of little value. 

These, therefore, were discarded for local 
use. For internal administration, sulfathia- 
zole in 0.5 gm. tablet form was readily ac- 
cepted, however, because of its relatively low 
toxicity in comparison with sulfanilamide. 

During 1942, the chosen routine in the use 
of the sulfonamides became: (1) Sulfanila- 
mide saturated, used locally for irrigation 
and as drops, every two hours, in the con- 
junctival sac, and (2) sulfathiazole (0.5 gm. 
tablets) given internally, four to eight tablets 
per day (adult dosage) for one week to 10 
days, both given concurrently. For children, 
about half the tablet dosage was adminis- 
tered, depending upon age and weight. An 
equal amount by weight of sodium bicarbo- 
nate was taken with the sulfathiazole, for 
alkalinization, in every case. 

On this routine, few drug sensitivities 
were encountered, these consisting of nausea 
and headaches, flushing of the face and neck, 
the occasional appearance of a skin rash, and 
a feeling of anxiety in the patient. These 
symptoms quickly disappeared upon stop- 
page of the drug. , 


SULFADIAZINE 


During 1943, sulfadiazine supplanted sul- 
fathiazole as the agent of internal medica- 
tion. Preference was given to sulfadiazine 
because it was the less toxic drug and was 


found to cause fewer allergic manifestations. 
It was administered in 0.5-gm. tablets, given 
four times per day by mouth, in dosage of 
six to nine tablets per day, depending upon 
patient’s age and weight. 

Up to 1945, the latter procedure of treat- 
ment (sulfanilamide solution locally and sul- 
fathiazole tablets per os) was found to be 
most beneficial in trachoma, and was adopted 
for general use. Over 1,000 cases* of pa- 
tients hospitalized at the Trachoma Hospital, 
of all age groups and of both sexes, were 
studied. In early or beginning cases, in 
moderately and markedly advanced cases, 
with or without pannus, and even in late 
cases with cicatrization, entropion, and cor- 
neal ulceration, results proved to be generally 
beneficial. 

In the late cases, however, it was necessary 
to give auxiliary treatment in the form of 
pontocaine, atropine, heat, cautery, and in- 
travenous administration of typhoid (non- 
specific) vaccines for the attending uveitis. 
To date, such supplemental treatment be- 
comes a necessity in those cases in which 
complications have become destructive to the 
tissues of the eye, and call for immediate 
remedial local treatment with nonsulfona- 
mide ophthalmic reagents. 

Surgery is also indicated in various cases : 
entropion operation to correct the incurva- 
tion of the eyelids, epilation for trichiasis, 
and grattage to remove the exuberant follic- 
ular growths on the conjunctiva in order to 
stimulate healing and repair. This phase of 
trachoma treatment will not be discussed 
here, however, as it does not fall within the 
province of this paper. 


NEWER HIGHLY SOLUBLE SULFONAMIDES 


SopIUM SULFACETIMIDE 

During 1946, a new sulfonamide solution 
known as sodium sulfacetimide* (Schering 
Corporation) was tried at the Missouri 
Trachoma Hospital. This was originally sup- 
plied as a 30-percent solution and afforded a 
greater concentration of sulfonamide solid in 
solution than any other type of sulfonamide. 
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However, this high concentration was found 
to be too irritating for use in trachoma. 

Many patients complained of a burning 
and stinging sensation and, in many observed 
instances, the congestive signs of local in- 
flammation appeared to be increased instead 
of decreased. In a number of trachoma pa- 
tients, the discomfort that followed use of 
this drug (in 30-percent solution) became so 
intense that it was necessary to stop its use 
entirely. 

Various dilutions were tried until it was 
found that the 10-percent aqueous solution 
produced a maximum of results with a mini- 
mum of irritation to the ocular tissues. Sul- 
fanilamide saturated solution (0.8 of one 
percent) locally was, therefore, supplanted 
by sodium sulfacetimide (10 percent) solu- 
tion. 

The effects of sodium sulfacetimide were 
noted for a period of one year or more, both 
when used alone as local drops and irriga- 
tions and when used in conjunction with sul- 


fadiazine tablets taken internally. We found 
the sulfacetimide solution (10-percent aque- 
ous) to be very efficacious in the treatment 
of trachoma, even better than the saturated 


sulfanilamide solution and _ sulfathiazole 
( five-percent solution ). 

The sulfacetimide produced more rapid 
subsidence of symptoms (itching, burning, 
photophobia, blepharospasm ) and signs (red- 
ness and turgescence of the conjunctiva, ac- 
tive pannus, mild concomitant iritis) and 
shortened the usual hospitalization period of 
four to eight weeks to three to six weeks. 

In most instances, the new drug was well 
tolerated locally but there were frequent com- 
plaints of itching and burning, which had not 
been present previous to the instillation of 
the sulfacetimide. In these instances, the drug 
had to be discontinued because no improve- 
ment would follow from prolonged use and 
the eyes would remain reddened, inflamed, 
and bothersome. 

In a few individuals, marked toxicity of 
the drug was noted, when used locally in the 
conjunctival sac, with or without sulfadiazine 
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medication by mouth. Several male patients, 
aged between 25 and 40 years, showed a 
marked local and general reaction after the 
use of this new drug. The face, neck, and 
body became covered with an itching, ery- 
thematous rash. The conjunctivas became 
congested, edematous, and chemotic. 

These patients were then taken off all 
sulfonamide drug medication and put on 
saline irrigations for one week. When symp- 
toms and signs had subsided, the sulfaceti- 
mide solution was again tried, locally, with- 
out sulfadiazine by mouth, and there fol- 
lowed a recurrence of the side effects to the 
same degree of intensity. 

In other patients sulfacetimide therapy 
caused milder side effects, notably flushing 
of the face and neck. 

With reference to sulfadiazine itself, pre- 
viously, when used by mouth in conjunction 
with sulfanilamide drops or instillations lo- 
cally, no noxious effects that could be noted 
clinically had occurred. No blood-level de- 
terminations were made or hemoglobin read- 
ings determined, but degrees of intolerance 
or sensitivity to the drug were determined 
only from clinical observation and subjective 
symptoms. Of course, one must consider that 
certain individuals may manifest specific 
drug sensitivity to one or more drugs, which, 
when used on others in the same given 
dosage, produce no side effects at all. 

Despite these shortcomings, the therapeutic 
value of sodium sulfacetimide solution (10 
percent, locally) in trachoma was considered 
to be so much greater than that of other sul- 
fonamide drugs previously used, that it was 
adopted for general use at the Trachoma 
Hospital. During 1946 and 1947, this sul- 
fonamide was used almost exclusively in 
the treatment of trachoma at this hospital 
because the improved curative effects more 
than outweighed the disadvantages of occa- 
sional side reactions and local irritation to 
the conjunctiva. 


GANTRISIN 
During April, 1947, a new experimental 
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sulfonamide preparation was introduced by 
Hoffmann-La Roche for clinical investiga- 
tion, termed NU-445° (later named Gantri- 
sin). This preparation was characterized by 
comparatively high solubility at neutrality. 
This property® greatly reduced the likelihood 
of crystalluria and deposition of crystals 
within the urinary tract. 

Gantrisin (3, 4-dimethyl-5-sulfanilamido- 
isoxazole) is a white crystalline powder, sup- 
plied in tablets of 0.5-gm. size for internal 
medication by mouth. It attacks the same 
general range of organisms as does sulfa- 
diazine. The lithium salt forms a stable 10- 
percent aqueous solution for ophthalmic use. 

This new drug (Gantrisin), originally 
designated as NU-445, is not only extremely 
soluble but has not yet been shown to give 
rise to any renal irritation or crystalluria, 
even though the drug is given in doses up 
to 15 gm. and more daily.* 

it was desirable to learn if this sulfona- 
mide would produce desirable curative effects 
in trachoma rapidly and without toxic side 
reactions caused by other sulfonamide drugs. 
Accordingly, a series of trachoma patients 
were put exclusively on treatment with Gan- 
trisin, and the results noted during the 15- 
month period following. Over 300 patients 
with early, moderately advanced, and mark- 
edly advanced cases, including those with and 
without complications, were studied. 

Gantrisin was used alone as drops and as 
instillations of the 10-percent solution in the 
conjunctival sac, and also in conjunction with 
internal medication of the tablets (0.5 gm.) 
by mouth. 

Since the toxicity of this drug was re- 
ported® experimentally to be very low, the 
dosage in tablets by mouth was made double 
that of sulfadiazine and sulfathiazole; our 
patients were given from six to 20 tablets 
per day, the average adult dose being nine 
to 15 tablets per day, children about half this 
amount, depending upon age. In markedly ac- 
tive cases in adults, as many as 10 gm. per 
day (20 tablets) for seven days were ad- 
ministered. 
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From the evidence of the Hoffmann-La 
Roche report,® a blood-level of 10 to 12 mg. 
can usually be maintained on a daily intake 
of six to seven gm. (12 to 14 tablets). No 
sodium bicarbonate was given concurrently, 
since the need for alkalinization was obviated 
due to the high solubility of the drug in pH 
ranges even below 7.0. 

Gantrisin was found to be very efficacious 
in trachoma, producing a fairly rapid recov- 
ery from symptoms and a subsidence of in- 
flammatory signs within a reasonably short 
time (one to three weeks). Mild and mod- 
erately advanced cases responded well to 
treatment with this drug, when used both 
locally and internally. Markedly advanced 
cases responded somewhat more slowly but 
after several weeks of treatment showed defi- 
nite improvement. As with other sulfonamide 
drugs, corneal and uveal complications neces- 
sitated the use of other ophthalmic agents. 
as previously mentioned. 

The outstanding feature of 
( NU-445) was found to be its remarkably 
consistent freedom from toxic side effects. 
In the series of cases in which this was used, 
whether in local instillations or in instilla- 
tions combined with tablets by mouth, there 
were very few instances of toxicity or of 
side reactions and, when these occurred, they 
were always mild. The Gantrisin drops (10- 
percent solution’) were found to be gener- 
ally bland and nonirritating to the conjunc- 
tiva. Rarely did any of our patients remark 
about discomfort from irritation or stinging 
when this solution was used. 

The tablet dosage by mouth in adults was 
increased gradually from six tablets per day 
to nine tablets and then 12 tablets; later this 
was again cautiously increased to 15 tablets 
per day. In many instances, a dosage of 18 to 
20 tablets per day was maintained for a 
period of one week. 

All internal medications were given for 
seven days; local instillations were given 
concurrently during this one week and con- 
tinued for as long as the patient remained in 
the hospital, the average stay usually being 


Gantrisin 


\ 

| 
ra. 

| 

: 

# 

4 

| 


676 A. A. SINISCAL 


from two to four weeks. Of course, advanced 
cases with cicatricial complications required 
a much longer period of treatment. 

About one out of four patients on Gan- 
trisin tablets complained of mild nausea and 
headaches after taking a dosage of 15 or 
more tablets per day. This began on the same 
day or the day following administration of 
the tablets and persisted until a day or two 
following stoppage of the tablets. No skin 
reaction of any type and no local ocular re- 
action was observed. Mild hyperpyrexia was 
manifested in some individuals. In children 
who were on one half or less the adult 
dosage, no reactions of any type were no- 


ticed. 

In no case, however, was the discomfort 
from nausea, febricula, or headache of such 
intensity as to warrant complete cessation of 


the drug. Patients on 12 tablets or less per 
day did not manifest any appreciable signs or 
symptoms of sulfonamide reactions at any 
time and the dosage was standardized to this 


amount. 


CoMBISUL 

During January, 1948, a new sulfonamide 
(Combisul*) in tablet form was introduced 
by Schering Corporation. Combisul consists 
of equal parts by weight of sulfadiazine, sul- 
famerazine, and sulfathiazole, to make a com- 
bined total of 0.5 gm. per tablet. This was 
given in daily dosage of six to nine tablets 
per adult, for one week, in combination with 
sodium sulfacetimide solution (10 percent) 
used locally as drops into the conjunctival 
sac. 

For a period of six months, Combisul was 
used experimentally on selected hospitalized 
patients of the Trachoma Hospital, treat- 
ment being started on admission. Recovery 
was slow but consistent. The efficacy of this 
sulfonamide was comparable to that of sul- 
fadiazine. No noteworthy side reactions were 
observed, and we consider its toxicity to be 
minimal. 


SULFACETIMIDE OINTMENT 


Since it seemed possible that an emol- 


lient coating of some sulfonamide in thera- 
peutic concentration over the ocular surfaces 
at night while the patient was asleep would 
be a desirable adjunctive treatment, we used 
sodium sulfacetimide ophthalmic ointment* 
(10 percent) as routine in all cases receiving 
sulfonamide treatment. 

A liberal coating was applied between the 
lids following the last drops treatment of 
the day; this was done nightly for as long 
as the patient remained on sulfonamide treat- 
ment. 

Results were fairly satisfactory but some- 
what disappointing because many patients 
complained of irritation and itching during 
the night. In some cases it was necessary t 
discontinue the use of sulfacetimide ointment 
due to such discomfort. No side reactions of 
any kind were noted, however, from its ap- 
plication. 

Gantrisin four-percent ophthalmic oint- 
ment, also used routinely for overnight ap- 
plication, was found to be milder on the con- 
junctiva but otherwise comparable in effect 
to sodium sul facetimide. 


SULFAMYLON 


Sulfamylon* hydrochloride (one-percent 
solution) was used during 1950 in a series of 
trachoma cases, but not found to be of any 
improved effectivity over other sulfonamides 
already mentioned. Its action produces a mild, 
stinging sensation to the conjunctiva and it is 
comparatively free of toxic effects. I would 
value its efficacy as only slightly better than 
some of the older sulfonamide solutions and 
of no decided advantage to Gantrisin or so- 
dium sulfacetimide. 

Gantrisin proved to be the most effective, 
least toxic, and most soothing of the newer, 
highly soluble sulfonamide solutions, and in 
my opinion is of first choice over all other 
sulfonamides. 

At the Missouri Trachoma Hospital the 
present routine of sulfonamide treatment 
that yields optimum results is: 

1. Local instillation every two hours of 
drops of Gantrisin (4.3 percent aqueous), 
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buffered, ophthalmic solution, daily for from 
10 days to three weeks. 

2. Internal medication with Gantrisin tab- 
lets (O.5 gm.), or Combisul tablets (0.5 
gm.), given per os in four divided daily 
doses (according to age and weight) for the 
first seven days. 

3. Coating the. conjunctival surfaces night- 
ly with 10-percent sodium sulfacetimide or 
four-percent Gantrisin ophthalmic ointment 
during the entire period that drops are given 
in the daytime. 

GENERAL RESULTS 

The improvement or therapeutic effect 
noted from the use of the more recent sul- 
fonamides consisted in earlier subsidence of 
all inflammatory symptoms, a gradual reso- 
lution of the pannus, if incipient, and the 
rapid disappearance of photophobia and 
blepharospasm. In mild entropion (and tri- 
chiasis) there was an unfolding of the be- 
ginning incurvation of the eyelids. 

Cases with advanced cicatrization of the 
palpebral conjunctiva, causing distinct in- 
curvation or entropion, did not respond to 
any treatment by medication, either locally 
or by mouth. In such cases, the scarring ef- 
fect was so advanced as to render treatment 
by drug alone ineffectual. 


PANNUS FORMATIONS 

Early pannus formations are fairly well 
resolved by treatment with the sulfonamide 
drugs. Moderately advanced vascularizations, 
especially active ones that have invaded the 
cornea to some degree, will not resolve en- 
tirely. After the acute condition has subsided, 
however, the pannus will have a ghostlike 
appearance and will show thinning or fading 
of the vessel walls. 

A well-formed pannus of greater than 
three or four mm. in length will respond 
very slowly or not at all to treatment of any 
kind. In such cases, treatment is prolonged 
and delayed, and the best that can be hoped 
for is a cessation of further encroachment of 
the vessel growth upon the cornea and a 


gradual thinning of the vascular twigs dur- 
ing recovery so that as much vision as possi- 
ble is preserved. 

Sulfonamide therapy will not restore the 
cornea to normal condition in the case of 
dense pannus formation. Once pannus has 
advanced to the central area of the cornea, 
there is very little that can be done in the 
way of treatment to resolve 6r remove this 
invasion.* 


ULCERATION AND OPACIFICATION 

The same may be said of ulceration and 
opacification of the cornea. Treatment will 
not clear these conditions entirely although 
some abatement can be expected. Corneal 
scars and ulcerations respond only so far as 
the general condition itself improves ; there- 
fore, my experience does not permit the con- 
clusion that sulfonamide drugs will specifi- 
cally heal the corneal ulceration coincident 
with trachoma. 

Recourse must be taken to other thera- 
peutic methods, the use of optochin (0.20 of 
1.0-percent solution) and hot, wet dressings 
of boric-acid solution, hourly, being favored. 
When indicated, atropine, dionine, and cau- 
tery may be of help. 

Some improvement of opacification (if re- 
cent) has been observed after sulfonamide 
treatment. Visual tests before and after treat- 
ment are an integral part of every patient’s 
record of stay in the hospital. Unless the 
opacity is an old one and well developed, the 
improvement in vision shown after hospital- 
ization, although only slight, is definite. This 
fact convinces us that at least some resolu- 
tion of corneal opacities in trachoma, whether 
due to pannus or ulceration, does follow 
from treatment with sulfonamide drugs. 

Never, however, have I seen a well-marked 
leukoma or generalized pannus formation 
become resolved by any sulfonamide treat- 
ment. Although a few such patients have joy- 
fully reported that they could see better after 
many weeks of treatment, I have attributed 
this apparent result mostly to the effect of 
psychic suggestion. 
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CICATRIZATION 

Once cicatrization of the conjunctiva of 
the lids and bulb has established itself or 
become advanced, there is no resolution. The 
improvement observed in some entropian 
patients under sulfonamide treatment may 
be attributed to relaxation of blepharospas- 
tic tendencies, and not due to absorption of 
scar tissue, 

For this reason, we see many early cases 
of mild entropion that will improve on sul- 
fonamide treatment and afterward show no 
incurvation at all. Cases of long duration, 
in which the inversion of the lid was occa- 
sioned by the destructive effects of scarifica- 
tion, will not yield to medical treatment un- 
der any circumstances. They will require 
surgical correction.” 


THE ANTIBIOTICS 


The following antibiotics were used in 
trachoma during the past five years at the 
Missouri Trachoma Hospital: Penicillin, 
bacitracin, streptomycin, chloromycetin, au- 
reomycin, and terramycin. 


PENICILLIN 


Penicillin’ was used over a six-month pe- 
riod (1945-1946) as a routine treatment on 
selected trachoma patients of the hospital, 
both in early and late cases. 

The penicillin was given locally by instil- 
lation or conjunctival bath every two hours 
in the form of an aqueous solution of the 
sodium crystalline salt, in concentration of 
1,000 units per cc. Penicillin ointment of the 
same concentration (1,000-units per gm.) 
was used overnight. A fresh solution was 
made up each morning and kept under re- 
frigeration throughout the day. 

A series of approximately 100 cases of 
trachoma was studied, including newly in- 
fected individuals and those of long-stand- 
ing duration. 

The results were disappointing. Penicillin 
has practically no effect in trachoma per se, 
although it shows marked efficacy for clear- 


ing up secondary infections of Staphylococ- 
cus aureus and albus, Streptococcus and 
Pneumococcus in the eye. 

Cases of trachoma with concomitant 
blepharitis, purulent blennorrheas, and pneu- 
mococcal or staphylococcal tear-sac infec- 
tions responded well and quickly to treat- 
ment with penicillin irrigations, usually 
within a few days, in some cases within a 
week. However, no improvement of the 
underlying trachomatous condition itself was 
observed to follow. No ocular sensitivities 
were observed. 


BACITRACIN 


Bacitracin’® ointment prepared for oph- 
thalmic use, containing 500 units of baci- 
tracin per gm. in a petrolatum base, was used 
in cases of trachoma over a period of several 
months. 

Bacitracin has no effect on trachoma per 
se, but, like penicillin, it shows a remarkable 
effect in clearing up secondary infections as- 
sociated with trachoma. No sensitivity in 
patients was observed. Some purulent cases 
found to be resistant to penicillin seemed to 
yield to treatment with bacitracin, notably 
chronic blepharitis of long duration, with 
or without ulceration. 


TERRAMYCIN 


Terramycin”® ophthalmic ointment, con- 
taining terramycin one mg. per gm., yielded 
results comparable to bacitracin, that is, gen- 
erally negative to trachoma but positive to 
secondary invaders. No sensitivity reactions 
were noted. 


STREPTOMYCIN AND CHLOROMYCETIN 


Streptomycin’* and chloromycetin®® were 
used during 1949 in fresh, aqueous solutions 
prepared daily from the crystalline powders 
supplied in sterile vials. Streptomycin was 
used in concentrations of 10 mg. per cc., and 
chloromycetin in concentrations of 25 mg. 
per cc. As was the case in penicillin and 
bacitracin, no specific effects on trachoma 
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itself were observed, although for clearing 
secondary infections the results were excel- 
lent. 


TERRAMYCIN AND AUREOMYCIN 


Terramycin® and aureomycin,** each in 
25 mg. per five cc. solutions, were used dur- 
ing 1950 anc prepared in the same manner as 
otier antibiotics. The dry mixture of terra- 
mycin or aureomycin and appropriate so- 
dium borate-sodium chloride buffers were 
prepared for topical, ophthalmic use. Solu- 
tions were isotonic with lacrimal fluid and 
buffered to pH 8.2. Fresh, aqueous solutions 
were used daily for local instillation into the 
conjunctival sac. 

Aureomycin and terramycin were also 
g ven invernally per os in capsule form, con- 
currently with drops of the freshly prepared 
solutions used locally. Six to eight capsules 
(250 my. per capsule) was the daily dose. 

Resulis were generally negative for tra- 
chom:, and comparable to those of previous 
antibiotics used. 

Ne sensitivity reactions, ocular or sys- 
temic were observed with the use of the 
antib otics, and in general their action on the 
conjunctiva was mild and soothing. 


(GENERAL RESULTS 


Trachoma patients treated with antibiotic 
solutions instilled locally every day for sev- 
eral weeks and longer failed to show any im- 
provement in clearing of early pannus, relief 
from turgescence of the retrotarsal fold, 
resolution of granules, or even from the in- 
creased lacrimation and itching that is al- 
most always present in all trachoma. 

Very purulent secretions cleared remark- 
ably within a few days after treatment with 
antibiotics generally, but in no case could 
relief from symptoms be traced to improve- 
ment of the basic trachoma infection. When 
secondary infection complicated trachoma, 
the antibiotics relieved the symptoms some- 
what and produced a partial subsidence of in- 
flammation. In such cases, the underlying 
trachoma seemed improved but this was only 
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because the superimposed infection was alle- 
viated and controlled. 

In each case, the antibiotics as specifics in 
trachoma were found to be disappointing. 
Even the later discoveries—chloromycetin, 
aureomycin and terramycin-——appear to have 
no effect in trachoma per se. This is surpris- 
ing when we consider the effectiveness of 
antibiotics in other diseases: of viral origin, 
such as measles, mumps, influenza, herpeti- 
form diseases, typhus, and Rocky Mountain 
spotted fever. 

Since they show a marked efficacy for 
clearing up ocular infections of Staphylo- 
coccus aureus and albus, Streptococcus, 
Pneumococcus, and Gonococcus, cases of 
trachoma with concomitant blepharitis and 
purulent blennorrheas responded well and 
quickly to treatment by irrigation, usually 
within a few days, in some cases within a 
week. 

Very purulent secretions cleared almost 
immediately to penicillin, bacitracin, aureo- 
mycin, and terramycin. Trachoma compli- 
cated with pneumococcal or staphylococcal 
tear-sac infections required longer treatment. 
When such secondary infection was the pre- 
dominant cause of the patient’s conjunctival 
inflammation and discomfort, as is sometimes 
the case in trachoma here and almost always 
in the Orient,* the antibiotics relieved the 
symptoms and produced a rapid subsidence 
of inflammation. However, in all such cases 
of concurrent infections, no improvement of 
the underlying trachomatous concition itself 
was observed to follow. 

Since antibiotics were found to be very 
effective in clearing common secondary in- 
fections concurrent with trachoma, they may 
be said to be valuable as an adjunctive treat- 
ment in this disease. Cases of trachoma that 
enter the Missouri Trachoma Hospital for 
treatment and which are markedly infected 
with secondary purulent secretion are first 
put on antibiotic instillations for several days 
until the purulent secretion disappears and 
the general inflammatory signs decrease 
somewhat. 
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Discussion 

There has been considerable controversy 
during the past decade as to whether or not 
the sulfonamides have a specific effect on 
the virus of trachoma. The majority of in- 
vestigators claim they do have a specific 
effect and base their claims upon clinical ob- 
servations. 

Thygeson”® points out that in cases in 
which specific inclusion bodies were found 
previous to the internal administration of 
sulfanilamide, they could not be found after 
treatment with this drug. Other investiga- 
tors* have demonstrated that the Halber- 
staedter-Prowazek inclusion bodies disap- 
pear from the conjunctiva in a period of a 
few days or more following sulfonamide 
treatment, and after 10 days in the great 
majority (80 percent) of cases. 

Sorsby** concludes from his observations 
that the sulfonamides are indeed specific 
against the virus of trachoma, and not merely 
against any associated secondary infection. 

I am in agreement with the conclusions 
of these investigators, and it is my opinion 
that further bacteriologic study will con- 
clusively prove specificity for sulfonamides 
in trachoma. 

The antibiotics, too, have come under dis- 
cussion recently with regard to specificity 
for trachoma. Freyche** has presented an 
excellent review of the literature on the 
various results of antibiotics in trachoma, 
and from his discussion one may assume that 
the question of specificity of certain anti- 
biotics for this disease is still in much doubt. 

I am in agreement with this writer that a 
long time must elapse before it becomes pos- 
sible to decide whether or not any agent is 
the specific drug for trachoma, what are the 
best methods of administration and the 
optimum dosage; and, if I may add, which 
drug will universally treat all races of 
trachoma peoples successfully. 

It is my opinion that different racial char- 
acteristics and conjunctival flora may ma- 
terially affect the symptomatology of tra- 
choma to such an extent that different dos- 


ages, different methods of administration, 
and even different therapeutic agents may be 
necessary to combat this disease in various 
areas. 

Of all the antibiotics tried here and abroad, 
aureomycin and chloromycetin seem to be 
most favored as specifics in trachoma. Some 
observers*® believe these agents will cure 
trachoma in an incredibly short time, even 
bringing about the resolution of opacities 
and clearing of pannus. One wonders if 
these results were based not upon actual 
trachoma abatement, but upon the overall 
beneficial effect from removal of super- 
imposed infection. 

On the other hand, the opinions of Bietti** 
and his associates, based upon clinical ex- 
periments in the ophthalmic clinic of Pavia, 
are tempered with much more conservatism 
regarding the dramatic effect of aureomycin 
and chloromycetin. These investigators con- 
sidered that the results obtained had not 
proved unquestionable superiority of these 
antibiotics, but they appeared to be of some 
value when used in a limited number of ob- 
served cases, and notably in clearing of con- 
junctival flora in a few days. 

As stated previously, trachoma in this 
country, as well as that in Europe and the 
Orient, is very often secondarily infected, 
usually with purulent organisms, for which 
antibiotics exert a marked curative effect. In 
Egypt, for instance, trachoma is almost al- 
ways secondarily infected with gonococci or 
Koch-Weeks infection, or with other pur- 
ulent organisms.** 

Very often, trachoma is preceded by one 
of these conditions, or, mixed infections are 
concurrently present and sometimes one will 
rise to prominence while the other is subsid- 
ing. Since antibiotics generally are very ef- 
fective against these infections, a rapid im- 
provement of the overall clinical picture re- 
sults, and the credit is given essentially to 
trachomacidal action instead of more prop- 
erly to abatement of superimposed infection. 

One sees, then, that it would not be too 
difficult to draw premature conclusions re- 
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garding specificity of action for aureomycin 
and other antibiotics in the treatment of this 
disease, attended as it so often is with many 
different types of organisms. 

Changed symptomatology may be another 
explanation for the belief of some observers, 
notably our foreign colleagues, that antibio- 
tics are specific against the ultravirus of 
trachoma. In the Orient trachoma presents a 
somewhat different clinical picture from that 
of the native whites in America. In the lat- 
ter, the disease is manifested by severe and 
devastating signs and symptoms, immobiliza- 
tion of the patient, and very often results 
in much suffering and blindness. 

Among Orientals, the disease is more gen- 
erally widespread but is less severe both as 
to symptoms and resulting complications.” 
Perhaps in Orientals certain racial and im- 
munologic factors are present, as this disease 
is with them an ancient affair; whereas, in 
America, trachoma is historically very young, 
not quite 200 years old if we trace infection 
back to the landing of the immigrants during 
colonial days.” 

From this, it is reasonable to assume that, 
when a particular infectious agent is re- 
moved from one habitat to another and har- 
bored in the conjunctival tissues of a differ- 
ent race, in a different climate, a change in 
virulence may occur; or, as is believed to be 
the case here, a different degree of tissue 
reaction on the part of the host may occur. 
In other words, varied susceptibility and 
varied immunologic aspects must be con- 
sidered. 

Perhaps antibiotics may react more effec- 
tively on the trachoma virus that is symbiotic 
with the particular conjunctival flora of one 
area in the world, such as the near-East, 
Egypt, and India, for example, and yet be in- 
effective on the trachoma virus associated 
with conjunctival flora of a different race 


and climate. 

Undoubtedly, the virulence of the trachoma 
virus is not changed, for, when trachoma 
passes from the conjunctiva of an Oriental 
to that of an Anglo-Saxon, more devastating 
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effects and increased suffering are noted. 

Wilson* believes that, in Egypt, trachoma 
reacts differently from that among Eu- 
ropeans, and that the tendency toward 
spontaneous cure is much more evident 
among Egyptians than among Europeans. 
He further believes that the lesions of 
trachoma are mild and that suffering is little 
among Egyptians in comparison to trachoma 
among Europeans. He believes that this is 
due to a relative degree of inherited im- 
munity and not due to loss of virulence. 

I am in agreement with these beliefs, and 
it seems reasonable to assume, furthermore, 
that the varying symptomatology among 
races is conditioned by the inherent con- 
junctival flora and the changed tissue re- 
action of the racially new host. 


SUMMARY AND CONCLUSIONS 


The sulfonamides generally have proven 
their positive efficacy, if not outright speci- 
ficity, in trachoma. They are used as first 
therapeutic choice at the Missouri Trachoma 
Hospital because of their mildness of action 
and apparent specificity against the trachoma 
virus. The newer, highly soluble, nontoxic 
sulfonamides of recent years are particularly 
effective and have been shown to produce 
more rapid recovery and greater effectivity 
than the older drugs. 

Sulfonamide solutions, used as drops in 
the conjunctival sac, have proved to be more 
effective than tablets used alone internally 
by mouth. It appears that a combination of 
sulfonamide drops instilled locally and tab- 
lets given internally yields the best ther- 
apeutic results. 

The following sulfonamides are named in 
order of their efficacy in trachoma: 

Gantrisin solution (4.3 percent), sodium 
sulfacetimide solution (10 percent), sul- 
famylon (one percent), sulfanilamide solu- 
tion (0.8 of one percent), sulfathiazole solu- 
tion (five percent), and powdered sulfathia- 
zole. 

3ecause of their physical and chemical 
properties, Gantrisin and sodium sulfaceti- 
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mide solutions seemed to be best suited for 
local use in trachoma. Aqueous, buffered, 
ophthalmic solutions in five to 10-percent 
concentration seem to be optimum density 
for effectivity and yet retain blandness of 
action on the conjunctiva. 

Internal medication by mouth with sul- 
fathiazole, sulfadiazine, sulfapyridine, Com- 
bisul, and Gantrisin (NU-445) has proved 
to be of adjunctive value when given in com- 
bination with sulfonamide solutions used as 
drops. When these drugs were given inter- 
nally, alone without drops, they proved to be 
of only slight efficacy. With regard to sensi- 
tivity reactions, sulfadiazine, Combisul, and 
Gantrisin showed least toxicity and were 
found most satisfactory. 

The antibiotics penicillin, bacitracin, chlor- 
omycetin, streptomycin, terramycin, and 
aureomycin have no effect on trachoma itself, 
but, for clearing up secondary infections 
usually concurrent with trachoma, they show 
a marked efficacy and thus serve to shorten 
the total morbidity period of this disease. 

Corrective surgery is usually performed 
after the initial course of sulfonamide ther- 
apy is completed. Even those cases which 


seem to indicate immediate surgery on first 
examination (as in marked entropion with 
districhiasis) usually improve somewhat 
when placed on sulfonamide treatment until 
ready for operation. This procedure clears 
the infected area of turgescence and swell- 
ing, thereby paving the way for a cleaner 
operative field. It also helps to decrease 
postoperative discomfort. 

The primary role of the sulfonamides in 
the treatment of trachoma is established. 
Antibiotics are of secondary help in clearing 
the common pus-producing organisms at- 
tendant to trachoma. 

During the past decade sulfonamides have 
been used successfully for local and systemic 
medication, showing results that are truly 
remarkable. 

Although therapeutic agents which give 
speedier effects and possess greater flexibility 
would be desirable for use in trachoma and 
in secondary infections concurrent with tra- 
choma, to date the sulfonamides stand 
superior to all other therapeutic agents, and 
are particularly to be preferred to the older 
and harsher methods of treating this disease. 

The Missouri Trachoma Hospital. 
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THE USE OF HYALURONIDASE IN OPHTHALMOLOGY* 


I. S. Tassman, M.D. 
Philadelphia, Pennsylvania 


REVIEW OF LITERATURE 


The enzyme, hyaluronidase, was discov- 
ered in pneumococci by Meyer, Dubos, and 
Smyth" in 1936. This was later found by 
Chain and Duthie* to be the spreading and 
diffusing factor which was present in cattle 
testes. They found that the testicular muci- 
nase would act on the polysaccharide, hyalu- 
ronic acid, in the vitreous humor, which was 
described by Meyer and Palmer in 1934.* 

Since the properties of mucinase were 
identical with those of the spreading factor 
and since the occurrence of the spreading 
factor in bacterial filtrates had been found 
to go parallel with their mucinase content, 
they concluded that the mucinase and spread- 
ing factor were identical. The spreading ac- 
tion of hyaluronidase is therefore accom- 
panied by deploymerization of hyaluronic 
acid. 


* Presented at the third annual conference, Wills 
Eye Hospital, Philadelphia, March, 1951. 


The earlier studies on hyaluronidase and 
its properties were reviewed by Atkinson‘ 
who reported on its use with local anesthesia 
in ophthalmology. This was followed by 
other reports by Lebensohn,* Key," and Linn 
and Ozment.* 

Atkinson‘ reported on the diffusing prop- 
erty of hyaluronidase chiefly with anesthetic 
solutions. He used the preparation hydase 
(Wyeth) in 109 predperative injections of 
an anesthetic solution with such surgical pro- 
cedures as minor lid operations, cataract ex- 
tractions, enucleations with implants, opera- 
tions for glaucoma, retinal detachment, and 
strabismus. 

The results showed that there was a greater 
diffusion of the anesthetic solution, the anes- 
thesia occurred more rapidly with hyalu- 
ronidase, and there was a greater area of 
anesthesia. More effective akinesia of the 
orbicularis and extraocular muscles was ob- 
tained. After cone injections the hypotony of 
the eye was pronounced and, although it 
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made the cataract extraction slightly more 
difficult in delivering the lens, the operation 
was much safer since vitreous loss was less 
likely to occur. In 20 eyes with a normal 
pressure averaging 19 mm. Hg ( Schigtz) the 
decrease in pressure ranged from 6 to 9 mm. 
Hg, five minutes after the injection was 
given. 

Lebensohn® also reviewed some the earlier 
works and described the properties of hya- 
luronic acid and hyaluronidase. He employed 
the triple combination of procaine, epineph- 
rine, and hyaluronidase in over 100 differ- 
ent ocular operations and he also found that 
akinesia was more marked and prolonged. 
In enucleations and in tear-sac operations, 
this method was especially useful. 

He found that in a case of glaucoma, the 
addition of hyaluronidase to the usual pro- 
caine-epinephrine solution for retrobulbar 
injection reduced the intraocular pressure 
from 46 to 27 mm. Hg in 15 minutes. 

He also found that the use of hyaluron- 
idase with retrobulbar injections of 25 to 50 
mg. of niacin enhanced the effect of produc- 
ing vasodilatation when indicated.’ In a 
case of iridocyclitis which did not respond to 
cortisone drops or subconjunctival injections 
of cortisone, the preliminary injection of hy- 
aluronidase subconjunctivally, followed in 10 
minutes by the subconjunctival injection of 
cortisone, produced a dramatic effect. 

Lebensohn also found that, when hemor- 
rhage occurs after either the subconjunctival 
injection of hyaluronidase or after retrobul- 
bar injection, it diffuses more widely than 
usual, probably because of the spreading 
factor. (I have also found this to be true 
in cases of subretinal hemorrhage, orbital 
hemorrhage, and retinal edema _ following 
trauma. ) 

The same author also reported the use of 
hyaluronidase in the case of hypopyon which 
disappeared five minutes after the injection 
and did not subsequently recur. 

Lebensohn also suggested the use of sub- 
conjunctival injections of 150 t.r.u. hyaluron- 
idase in cases of thyrotropic exophthalmos 
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and cited one severe case in which three such 
injections at 24-hour intervals produced an 
immediate and permanent result after a Naff- 
ziger operation had failed. 

A case of thyrotropic exophthalmos with 
glaucoma was, however, reported by Kadin® 
in which he administered 250 viscosity units 
of alidase (Searle) which was dissolved in 
three cc. of two percent procaine. One ce. 
was injected retrobulbarly, one ce. into the 
edematous upper lid, and one cc. into the 
conjunctiva of the lower lid. He found that 
the use of hyalurondiase in this case in- 
creased the edema and proptosis. 

The importance of hyaluronidase in glau- 
coma was the subject of a preliminary study 
by Linn and Ozment.* It was instilled into 
the anterior chamber of two patients with 
secondary glaucoma and a temporary bene- 
ficial effect on the intraocular pressure was 
observed. 

Injection of the enzyme in concentrated 
form into the anterior chamber of rabbits 
produced clouding of the cornea, keratec- 
tasia, and iritis. Histologic studies of enucle- 
ated eyes revealed destruction of the corneal 
stroma, with massive corneal edema, iritis, 
and congestion of the ciliary processes. 

Their results left several questions unan- 
swered. These were concerned principally 
with degree of purification, degree of steril- 
ity of the preparation, and other factors. 


Scope OF PRESENT STUDY 


During the past year I have employed 
hyaluronidase (Wydase-Wyeth) in about 
160 cases of different kinds, 90 of which 
were cataract cases in which surgery was 
performed. The other cases included lens 
loopings, extraocular muscle surgery, enu- 
cleations, chalazia, and minor cysts, cases 
with marked postoperative chemosis and 
edema, intraocular hemorrhage and _ retinal 
edema following trauma, and reduction of 
intraocular pressure in acute and secondary 
glaucoma. 

In the cataract cases in which surgery was 
performed, the hyaluronidase was used al- 
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most routinely in association with procaine 
and epinephrine for providing akinesia, very 
much according to the technique described by 
Atkinson.* 

Wydase is the purified preparation sup- 
plied by Wyeth in small vials containing 150 
t.r.u. This is dissolved in one cc. of normal 
saline solution. About one-sixth cc. of this 
solution is then removed and added to about 
three cc. of procaine-epinephrine solution in 
a separate syringe. The solution of three cc., 
therefore, contains about 25 t.r.u. of Wydase. 
The mixture is then injected by either the 
Van Lint or O’Brien method. 

The combination of epinephrine and hy- 
aluronidase with procaine will prolong the 
anesthesia and accentuate the spreading ac- 
tion. As pointed out by Atkinson, a second 
injection is never necessary since complete 
paralysis of the orbicularis can be obtained 
by this method. 

Since hyaluronidase is more effective un- 
der slight pressure, gentle massage after the 
injection is often beneficial. It also prevents 
formation of a large bleb especially in sub- 
conjunctival injections and superficial injec- 
tions under the skin for removal of chalazia 
and other minor operations performed under 
local anesthesia. 

I employed retrobulbar 
cataract surgery, in selected cases only and 
not as a routine procedure. The hypotony, 
encountered by others after retrobulbar in- 
jection, can be so marked that it renders the 
corneal section and the extraction of the lens 


injections in 


somewhat more difficult. 

In my cases, however, it was found that 
this difficulty could be obviated by making 
the injection not earlier than five minutes 
before the corneal section is made. When an 
eyeball is too soft for a satisfactory corneal 
section, the injection has probably been made 
too early. The timing of the injection is ap- 
parently an important factor. If the solu- 
tions are injected about five minutes before 
making the section, the degree of hypotony 
will not be sufficient to prevent a satisfactory 
section and extraction, while, at the same 
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time, the eye will prove more safe as far as 
accidents in the course of the operation are 
concerned. 

This hypotony of the eyeball produced by 
retrobular injection of procaine, epinephrine, 
and hyaluronidase is of particular advantage, 
however, in cases requiring removal of the 
lens by looping. In operations for removal 
of dislocated lens and those cases in which 
the possibility of vitreous loss is great be- 
cause of increased pressure, the use of 25 to 
30 t.r.u. of hyaluronidase with procaine and 
epinephrine for retrobulbar injection, will 
reduce the intraocular pressure and eliminate 
almost entirely the danger of such accident. 

I have used this method in about 10 such 
cases with excellent results. The cornea can 
be laid back with perfect safety and the lens 
practically lifted out, with no danger of vitre- 
ous loss. In patients in whom the use of 
epinephrine might be contraindicated, pro- 
caine with hyaluronidase alone was employed. 

The effect of reducing pressure in cases of 
acute and secondary glaucoma was noticeable 
in a number of cases but in most of these 
the pressure would again become elevated 
after 48 hours. A retrobulbar injection of 
procaine, containing 25 to 30 t.r.u. of hy- 
aluronidase, would lower the intraocular 
pressure by Schigtz as much as 10 mm. Hg 
or more after about 10 minutes. 

In postoperative chemosis and edema of 
the conjunctiva persisting after cataract ex- 
traction, 150 units of hyaluronidase instilled 
into the conjunctival sac will produce al- 
most immediate improvement. In cases of 


postoperative chemosis and orbital edema, 
such as occurs at times after enucleation, an 
injection of 150 t.r.u. will reduce the chemo- 


sis and edema almost immediately. 

In five cases of orbital hemorrhage due to 
traumatism, a retrobulbar injection of pro- 
caine-epinephrine containing 100 t.r.u. of 
hyaluronidase was given on two successive 
days with rapid absorption and disappear- 
ance of the hemorrhage with no permanent 
damage resulting. 

Fifty units in three cc. of solution have 
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also been injected in three cases of retinal 
edema following trauma. The injection in 
two cases was repeated on the following day. 
The edema became diffuse and gradually 
disappeared within 48 hours. 

In minor operations about the eyelids, 
about 10 t.r.u. Wydase in one cc. of procaine 
solution will provide excellent infiltration 
anesthesia for chalazia, small cysts, and other 
superficial lesions. 


CONCLUSIONS 


In conclusion it can, therefore, be stated 
that the results obtained from the clinical 
use of hyaluronidase in a variety of ocular 
conditions were found in general to confirm 
those obtained by others : 

1. Hyaluronidase is very useful, in asso- 
ciation with procaine and epinephrine, for 
providing better akinesia with greater dif- 
fusion of the anesthetic. In most cases, also, 
it has a greater effect on the ocular muscles. 

2. It is very useful as an adjunct for in- 
filtration anesthesia in minor surgery about 
the eyelids. It provides better anesthesia and 
almost bloodless field in these cases, as well 
as with enucleations. 

3. In cataract extraction, a retrobulbar in- 
jection of procaine-hyaluronidase, not more 
than five minutes before operation, will per- 
mit a good corneal section and at the same 
time provide sufficient hypotony to render 
the operation more safe. 

4. Lens-looping operations for dislocated 


I. S. TASSMAN 


REFERENCES 


lens are rendered much safer when procaine- 
hyaluronidase is given by retrobulbar injec- 
tion about five minutes before operation is 
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COPPER WITHIN THE EYE 30 YEARS SIMULATING TUMOR 


REPORT OF A CASE 


J. E. Misuier, M.D., anp R. D. Hariey, M.D. 
Atlantic City, New Jersey 


The occurrence of copper within the eye 
has provoked considerable discussion in the 
literature regarding toxicity and eventual 
prognosis for the eye since the early experi- 
ments of Leber. 

The following case report is of unusual 
interest for two reasons: (1) Copper was 
known to have been within the eye for 30 
years without evidence of chalcosis; (2) fol- 
lowing this long period of quiescence, it 
simulated an expanding intraocular tumor 
by the process of fibrous encapsulation, cel- 
lular infiltration, and adjacent hemorrhage. 

It appears to be reasonably certain at pres- 
ent that the intense inflammatory reaction 
with subsequent loss of the eye is due to 
“pure” copper within the eye. When the 
intraocular particle is copper alloy in the 
usual ratio of 85 parts copper to 15 parts 
alloy, the reaction is much less severe and 
chalcosis may or may not develop. The 
ordinary percussion cap in commercial use 
contains approximately 85-percent copper, 
10-percent tin, and five-percent zinc. 

Stated in other terms, the inflammatory 
reaction of the eye seems largely dependent 
on the amount of ionizable copper and the 
size and location of the particle. 

Severe ocular inflammation, such as one 
frequently observes following the retention 
of pure copper within the eye, was relatively 
uncommon in World War I, but copper 
cataract was often observed. This fact has 
been explained as the result of the substitu- 
tion of alloys for pure copper when the lat- 
ter metal became scarce ( Jess’). 

Severe reactions following retention of 
even purer forms of copper are not always 
immediate in onset. In a case seen by one of 
us (R. D. H.) a nine-mm. strand of copper 
wire within the eye for three months was 
removed from the vitreous with retention of 


6/10 vision. A traumatic, paracentral lens 
opacity remained but no evidence of chalco- 
sis could be observed. 


FATE OF INTRAOCULAR COPPER 


Copper within the eye may undergo ab- 
sorption with deposition of copper particles, 
spontaneous expulsion, or encapsulation. Ab- 
sorption with deposition of copper particles 
principally about the anterior surface of the 
lens and the posterior portion of the cornea is 
typical of ocular chalcosis. 

It is known that an electrochemical current 
exists in the eyeball and that the current 
flows from the negative posterior pole of the 
eye to the cornea which acts as the positive 
pole. The explanation for the peculiar pat- 
tern of the copper distribution is based upon 
the resistance of certain structures (lens 
capsule and Descemet’s membrane) to the 
migration of copper ions set into motion by 
the electric current normally flowing from 
the retina to the cornea. 

The disc of the sunflower cataract appears 
to be influenced by the size of the pupil. Fol- 
lowing dissolution or removal of the copper, 
regression of copper deposits has been noted 
( Bellows,’ Rosen’). 

Spontaneous expulsion of intraocular cop- 
per has been reported more frequently than 
any other foreign body (Cordes and Har- 
rington*). This has been explained by the 
action of copper salts on the uveal tract and 
sclera which softens the tissues to the 
point of extrusion of the foreign substance. 

There have been several reports of small 
particles of copper becoming encapsulated in 
the vitreous with retention of normal vision. 
A rare case of this description was reported 
by Decker.® 

The following case illustrates encapsula- 
tion of the copper alloy (assumed to be 85- 
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Fig. 1 (Mishler and Harley). Fundus drawing 
illustrating the greenish-gray mass extending five 
to six diopters above the disc. The scarred area be- 
hind the mass represents the site of the original 
trauma. 


percent copper) with no demonstrable evi- 
dence of chalcosis after 30 years’ retention. 


CASE REPORT 


History. The patient, a white man, aged 64 years, 
was first seen in the office (J.E.M.) on November 4, 
1948, for a routine refraction of the left eye. He 
stated that the right eye had been sightless since an 
explosion of a percussion cap in 1920 which struck 
him above the right eyebrow. He did not become 
unconscious, but the wound above the eye bled 
freely. He recalled that he was treated by his family 
physician and that the right eye seemed unaffected 
at the time. 

One week after the accident, however, the vi- 
sion of the right eye was suddenly lost. This 
incident apparently caused little concern to the pa- 
tient or the family doctor, because he never con- 
sulted an eye physician. The records of his family 
physician were not available. He remained in good 
health, and except for blindness of the right eye 
he denied any other ocular symptoms. 

Examination of the eves was recorded as fol- 
lows: 

The visual acuity was: O.D., nil; O.S., 6/7+ 
with correction. A thin, linear, healed scar, one cm. 
long, was situated in the midportion of the right 
eyebrow. The lids were normal. 

The right pupil measured six mm. and the left, 
three mm. The right pupil failed to react to direct 
light, but the consensual reflex was intact. The right 
eve was divergent 25 degrees, but the ocular mo- 
tility was adequate in all directions of gaze. 

Biomicroscopy disclosed no scars in the cornea 


or sclera, and the anterior segment appeared normal 
except for one area of pigment clumping on the 
anterior iris surface. Intraocular pressure was 23 
mm. Hg (Schigtz). 

The fundus of the right eye exhibited clear media 
and the retinal arterioles were generally constricted. 
There were a few discrete grayish-white spots in 
the macular region. The nervehead was white with 
marked loss of substance, and the margins were not 

*clearly defined. 

An elongated, narrow, white scar extended from 
the dise at the 12-o’clock position superiorly in the 
retina for three disc diameters towards the 2- 
o'clock position. Beginning at the disc margin and 
for a distance of one third of a disc diameter the 
scar tissue was elevated one diopter. 

External examination, biomicroscopic, and tan- 
gent-screen field studies were normal for the left 
eye. Mild pigmentary changes of the senile type were 
noted in the macular area. 

X-ray report. (Right eye)—“There is a minute 
irregular shadow of calcific density in the posterior 
portion of the eye measuring not more than one 
mm, in diameter. This may represent calcification 
within the eye, but the possibility of an artefact 
cannot be definitely ruled out.” 

The patient was not seen again until July 11, 
1949, eight months later, when he returned com- 
plaining of a dull pain over the right eye. Fundus 
examination showed a circular grayish-green mass 
about one-half disc diameter in size and elevated 
three diopters. 

The mass had a smooth surface with fine blood 
vessels coursing over the edge of the tumor. It 
appeared to be attached to the scarred area at the 
superior pole of the disc and moved slightly on 
tilting the patient’s head. The intraocular pressure 
was 23 mm. Hg (Schigtz). 


Fig. 2 (Mishler and Harley). Fundus photo- 
graph taken at the time of the drawing. The sec- 
ondary optic atrophy and chorioretinal scarring can 
be seen in the background. 
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The patient was seen again on July 18, 1949, and 
it was apparent that the mass was now elevated 
four diopters. The intraocular pressure continued to 
be normal. A fundus drawing was made at this 
time. 

Examination on July 25, 1949, showed that the 
mass now obscured the upper half of the disc and 
protruded forward five to six diopters. The sur- 
face blood vessels became more prominent. The 
mass appeared to have a darker-gray color than 
we iad noted previously. 

The patient was seen in several eye clinics and 
the diagnoses in order of preference were: (1) 
Malignant melanoma; (2) encapsulated foreign 
body; (3) cyst. Since the eye was blind and there 
was a possibility of malignancy, the eye was enu- 
cleated on August 1, 1949. 

Pathology report. (Gross)—Adjacent to and 
partly overlapping the nerveliead is an opaque mass 
measuring 2.5 mm. in diameter. Embedded in the 
mass is a nonmagnetic foreign body measuring one 
mm. in its greatest diameter. 

( Microscopic )—The scar of entrance of the for- 
eign body is not identified in the sections examined. 
There are red blood cells in the canal of Schlemm. 
There is a prominent pigment cluster on the an- 
terior surface of the iris. The ciliary processes 
are hyalinized and their epithelium shows deep pig- 
mentation and moderate proliferation. There are de- 


Fig. 3 (Mishler and Harley). The encapsulated 
mass in a chorioretinal scar containing remnants 
of the nonmagnetic foreign body which dropped out 
upon sectioning. A small portion of the sclera and 
choroid can be seen to the left of the mass (X20). 


Fig. 4 (Mishler and Harley). Section through 
the posterior wall of the encapsulated mass show- 
ing foreign-body particles in the dense fibrous tis- 
sue which has been infiltrated by lymphocytes and 
plasma cells (200). 


generative changes in the ganglion-cell layer of 
the retina and extensive peripheral cystoid degen- 
eration is present. 

Gliosis and perivascular lymphocytic infiltration 
are seen in the nervehead. There is also fibrosis 
present and the small portion of optic nerve ap- 
pears atrophic. 

The foreign body is in a chorioretinal scar which 
is encapsulated by dense fibrous tissue, the outer 
layer of which is infiltrated by lymphocytes and 
plasma cells. Adjacent to the scar is a supracho- 
roidal hemorrhage. 

Diagnosis. Encapsulated intraocular foreign body 
in a chorioretinal scar, focal choroiditis, and recent 
suprachoroidal hemorrhage. 


DIscUSSION 


It seems probable that chalcosis lentis 
failed to develop in this case since the copper 
particle was walled off by the inflammatory 
response of the choroid and retina. The usu- 
al electrochemical reaction failed to take 
place, and the lens was spared the formation 
of the typical sunflower cataract. 

The increase in the extent of the mass was 
apparently induced by the adjacent hemor- 
rhages and cellular infiltration. The greenish 
discoloration noted on the surface of the mass 
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was probably due to copper salts and gave a 
clue to the diagnosis. 

It is of interest to speculate on the cause 
for the sudden loss of vision in the right eye 
one week following the accident. The foreign 
body must have landed in the region of the 
superior portion of the optic nervehead, 
judging by the appearance of the chorioreti- 
nal scar. Direct trauma and/or hemorrhage 
were probably primarily responsible for the 
optic atrophy. Expulsion of the foreign body 
from the disc margin with subsequent en- 
capsulation would seem to be the logical se- 
quence of events. 

Franklin and Cordes® reported a case 
which demonstrated the remarkable tolerance 
of copper within the eye for 46 years. In 
their case the eye became blind following the 
accident and remained quiescent until the 
late development of anterior uveitis and sec- 
ondary glaucoma with sympathetic irritation 
of the eye. Sectioning of the eye following 
enucleation showed that the posterior half 
of the eyeball had been converted into a bony 


cup in which true ossification could be 
demonstrated. 

These authors reviewed the literature and 
commented upon a number of cases in which 
a retained foreign body had remained intra- 
ocular and quiescent for many years. The 


longest period of tolerance was recorded for 
a fragment of stone which lay dormant in 
the iris 54 years. 

The different structures of the eye may 
show a variation in the tolerance of foreign 
bodies. It has been noted that the lens and an- 
terior chamber often show a fair tolerance 
for small foreign particles. Foreign bodies 
in the iris and the vitreous usually precipi- 
tate a marked inflammation, and it is ex- 
ceptional when they are well tolerated. The 
ocular reaction also differs markedly in its 
response to various classes of foreign sub- 
stances. Lead, aluminum, wood, glass, and 
stone generally cause little reaction, whereas 
iron and copper often provoke extensive 
inflammation. 

SUMMARY 

1. A case is presented which was unusual 
in that copper was known to have been with- 
in the eye for 30 years without evidence of 
chalcosis. 

2. During the final eight months’ period 
of observation it simulated an expanding in- 
traocular tumor. 

3. The fate of intraocular copper and the 
tolerance of foreign bodies are briefly men- 
tioned. 

1616 Pacific Avenue. 

101 South Indiana Avenue. 
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AN EXPLANATION OF THE CORNEAL HAZE AND HALOS PRODUCED 
BY CONTACT LENSES* 


V. Everett Kinsey, Pu.D.* 
Detroit, Michigan 


The inability of individuals to wear con- 
tact lenses for prolonged periods is caused 
primarily by a deterioration of the optical 
system as a result of corneal haze and halos. 
These conditions have been variously as- 
cribed to alterations in metabolism of the 
cornea, interference with the perilimbal cir- 
culation, and use of fluids underneath the 
contact lens which are not of the proper 
tonicity or hydrogen-ion concentration. No 
evidence that any or all of these explanations 
can adequately account for the corneal 
clouding has been presented. 

The present investigation was designed to 
determine the mechanism by which corneal 
clouding takes place with the hope that such 
knowledge might make it possible to delay 
or eliminate the appearance of corneal haze 
and halos when contact lenses are worn. 

The choice of experiments was based on 
the observation of Cogan and Kinsey’ that 
normal corneal transparency is dependent 
upon the maintenance of the cornea in a 
partial state of deturgescence. 

This concept is derived from studies? in 
which it was shown that the surface mem- 
branes of the cornea (epithelium and endo- 
thelium) are permeable to water but not to 
salts, hence are semipermeable, and envisages 
that under normal conditions there is a con- 
tinuous passage of water from the limbal 
regions of the cornea toward its center and 
out into the tears anteriorly and into the 
aqueous humor posteriorly. 

This transfer of water is believed to take 

* This work was performed in the Howe Labora- 
tory of Ophthalmology, Harvard Medical School, 
and was part of a joint study with Dr. George 
Smelser, Department of Ophthalmology, Columbia 
University, College of Physicians and Surgeons, on 
the basic physiology of the cornea as it is affected 
by use of contact lenses. The project was supported 
by a grant from the office of the Surgeon General, 


Department of the Army. 
t Kresge Eye Institute. 
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place as a result of differences in the concen- 
tration of dissolved materials in the stroma 
of the cornea, and in the tears and aqueous 
humor, the latter fluids being hypertonic to 
the cornea. The imbibatory forces of the cor- 
neal micellae, however, tend to oppose the 
osmotic forces and the balance between these 
forces determines the degree of corneal hy- 
dration. Normally the balance is such that 
the corneal stroma is maintained in a state of 
relative deturgescence as shown by the ob- 
servation that the cornea devoid of surface 
membranes will swell whenever it is placed 
in any aqueous solution irrespective of to- 
nicity.* 

The state of deturgescence seems to be 
associated with corneal transparency, as al- 
ready indicated, since after an increase in 
hydration, as for example that which occurs 
following damage to the epithelium or endo- 
thelium or after reversal in the osmotic pres- 
sure relation between the inside and outside 
of the cornea, the cornea becomes cloudy and 
eventually opaque. 

The appearance of corneal haze and halos 
might, therefore, be expected to indicate that 
some change in hydration of the cornea has 
taken place. Assuming that initially the os- 
motic relation between the cornea and the 
fluid used beneath the contact lens is approxi- 
mately the same as that which exists normal- 
ly between the cornea and tears, that is, that 
the solution is hypertonic to the corneal stro- 
ma, water would be expected to move from 
the cornea into the solution. 

This movement of water would result in 
progressive dilution of the contact lens solu- 
tion, a process which would occur until the 
solutions within and without the cornea be- 
come isotonic. Under these conditions, un- 
like in the normal eye where the dilution ef- 
fect is compensated by renewal of tears and 
by evaporation, the imbibatory forces of the 
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TABLE 1 
COMPOSITION OF THE SOLUTION AND TONICITY 


Millimolar 
KH,PO,. . 5 
NaHPO,. 

Glucose 

Methyl cellulose 1% 


Composition 


Total®... 


(pH 7.2) 
Osmotic pressure. . .228 millimolar equivalent NaCl 


* The activity coefficient of NaHCO, compared 
with NaCl was observed in other experiments® to be 
0.9. This accounts for the difference between the 
apparent theoretical and determined values for 
tonicity. 


cornea would be unopposed and the cornea 
would begin to pick up water. 


EXPERIMENTAL 

The first series of experiments was de- 
signed to determine whether the tonicity of 
a fluid used beneath the contact lens changes 
significantly with time of wear and, if so, to 
ascertain the rate of such change. The sec- 
ond series of experiments was designed to 
determine whether the cornea becomes hy- 
drated. 


MetHops AND MATERIALS 


The osmotic pressure of solutions was 
measured by the thermo-electric method of 
Baldes ;* the procedure requires only one or 
two microliters of solution for a determina- 


tion. Repeated measurements with known 
solutions indicated that the method was ac- 
curate to 0.5 -milliequivalents of sodium 
chloride per liter. Corneal thickness was 
measured by an optical method devised by 
Donaldson* and Cogan.® 

A special contact-lens solution was pre- 
pared’ having approximately the same to- 
nicity as that estimated for the film of tears 
overlying the cornea, that is, a tonicity 
equivalent to a sodium-chloride solution of 
1.3 percent. The composition of the solution 
and tonicity, as determined experimentally, 
are shown in Table 1. 

Standard contact lenses and Dallos lenses 
were employed in this investigation. These 
lenses were worn by volunteer subjects whose 
eyes were normal and who were accustomed 
to wearing such lenses. (All the subjects 
reported that the special solution used with 

* Dr. David Donaldson performed the measure- 
ments of corneal thickness. 

* Contact-lens solutions which were available 
commercially were not employed in this study be- 
cause measurement of the osmotic pressure of the 
only two brands tested indicated the tonicity of both 
these solutions to be 153 milliequivalents of sodium 
chloride per liter, a value corresponding to a 
sodium-chloride solution of only 0.88 percent. Since 
these solutions were approximately isotonic with 
blood, and therefore presumably essentially isotonic 
with the cornea, it would not be expected that any 
appreciable dilution would occur during use with 
contact lenses and, in any case, on the basis of the 
theory outlined above, no further experiment would 
be required to account for increased corneal hydra- 
tion with the use of such hypotonic solutions. 
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Fig. 1 (Kinsey). Change in tonicity of the solution used beneath the standard contact lens 
with time of wear (one subject). 


| 
| 
692 
250 
| 

§ 

5 |_| 25 30 35 


CORNEAL HAZE FROM CONTACT LENSES 


TONICITY OF 
PLAS 


MILLIMOLSA/L. 


— 


90 


120 180 


MINUTES 


Fig. 2 (Kinsey). Change in tonicity of the solution used beneath the standard contact lens 
with time of wear (composite, seven subjects ). 


the lenses was comfortable.) Fluid for meas- 
urement of osmotic pressure was obtained 
after various periods by removal of the lens 
while the head was maintained in a down- 
ward position. In the case of the standard 
lens sufficient fluid was readily obtainable. 
In the case of the Dallos lens, however, only 
a film of fluid remained on the lens so that 
only measurements of corneal thickness could 
be obtained. 
ResuLts 

The osmotic pressure of the fluid removed 
from the standard contact lens after 5, 10, 
15, or 30 minutes of wear, along with that of 
the original lens solution, is shown in Figure 
1. The crosses represent repeated measure- 
ments on the right and left eye on one day, 
and the solid circles, the right and left eye 
on the subsequent day. 

A composite curve representing similar 
measurements on samples removed from con- 
tact lenses after longer periods of wear 
(seven subjects) is shown in Figure 2. In all 
instances the tonicity of the contact lens 
solution decreased rapidly. Within less than 
30 minutes the tonicity of the fluid corre- 
sponded to that of blood plasma, and pre- 
sumably, therefore, to that of the fluid with- 
in the cornea. 

The thickness of the cornea was meas- 
ured in one subject before and after a con- 
tact lens was worn for 15 minutes in one eye 
and 30 minutes in the other eye (fig. 3), 


and for one and three hours in the two eyes 
of another subject (fig. 4). 

Corneal thickness did not change signifi- 
cantly in the first subject but increased in 
the second subject. The change in thickness 
was accompanied by corneal haze. The to- 
nicity of the fluid beneath the lens was also 
determined and observed to decrease rapidly, 
as was noted in previous subjects. 

Results obtained when a contact lens was 
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Fig. 3 (Kinsey). Change in corneal thickness as a 
result of use of a standard contact lens. The solid 
line represents the period during which the lens was 
worn. The broken line represents the period after 
removal of the lens. 
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Fig. 4 (Kinsey). Change in corneal thickness as 
a result of use of a standard contact lens. The solid 
line represents the period during which the lens 
was worn. The broken line represents the period 
after removal of the lens. 
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Fig. 5 (Kinsey). Corneal thickness following repeated insertion of a standard contact lens. The solid 
line represents the period during which the lens was worn. The broken line represents the period after 
removal of the lens. 
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Fig. 6 (Kinsey). Change in corneal thickness as a result of use of a Dallos contact lens. The solid line 
represents the period during which the contact lens was worn. The broken line represents a control eye 
in which no contact lens was worn. (A) Illustrates results obtained with a subject in which no haze was 
experienced. (B) Represents results obtained in a patient who experienced haze. 
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reinserted in one eye several times during 
the course of an eight-hour period are shown 
in Figure 5. Following each period of wear 
the thickness of the cornea increased slightly. 
After removal of the contact lens, the cornea 
tended to return to its original thickness. The 
continuous broken line of the figure repre- 
sents the results obtained with the other eye 
in which no contact lens was worn. 

Similar measurements of corneal thickness 
were made on subjects who wore Dallos 
contact lenses. where considerably longer 
wearing times ‘are possible. No increase in 
thickness of the cornea was noted in a sub- 
ject who wore a Dallos lens for nine hours 
(fig. 6-A) and no corneal haze was experi- 
enced. The cornea increased in thickness, 
however, in a second subject who also wore a 
Dallos lens for nine hours (fig. 6-B). This 
subject experienced corneal haze. 


Discussion 


The results of the present study suggest 
that the mechanism of corneal clouding pro- 
duced by use of contact lenses is as follows. 
The hypertonic fluid employed for insertion 
of the lens, although initially capable of 
maintaining the osmotic gradient between 
the inside and outside of the cornea and 
thereby maintaining the cornea in a detur- 
gesced state becomes diluted with water from 
the cornea, so that after 20 to 30 minutes 
the fluid is essentially isotonic with blood 
plasma, and presumably also with the fluid 
within the cornea. 

The imbibatory forces of the hydrophilic 
corneal substance are now no longer bal- 
anced by osmotic forces so that the cornea 
begins to take up water, thickening during 
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the process. The increased corneal hydra- 
tion produces differences in refractive index 
resulting in optical inhomogeneity, thereby 
changing the cornea from a transparent to 
a translucent structure, and causing the ap- 
pearance which is commonly referred to as 
corneal haze. i 

These studies indicate that alteration in the 
design of the contact lens, rather than in the 
composition of the fluid, would seem to offer 
the most fruitful approach to increasing the 
length of time of comfortable wear. The de- 
sign of the lens should be such as to facili- 
tate evaporation of the pericorneal fluid and 
to increase its rate of exchange with tears. 

The increased length of wear reported 
for both the Dallos lens and the corneal con- 
tact lens appears to be ascribable to improve- 
ments of this type. Theoretically, it would 
seem that a material which would permit the 
free passage of water and thereby permit a 
more nearly normal rate of evaporation 
would be most suitable for a contact lens, 
providing, of course, it had the necessary 
optical and physical properties. 


SUMMARY 


Experimental evidence that corneal haze 
produced by use of contact lenses is caused 
by an increase in corneal hydration was ob- 
tained. The increased water content of the 
cornea is caused by the elimination of the os- 
motic gradient which normally exists be- 
tween the fluids within and without the cor- 
nea which permits an increased amount of 
water to be absorbed by the hydrophilic cor- 
neal tissue. 
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THE NEUROVASCULAR MECHANISM CONTROLLING OCULAR TENSION 
IN CONGENITAL GLAUCOMA OF RABBITS* 


Exnst ScuMert, M.D...) AND BERNHARD STEINBERG, M.D. 
Toledo, Ohio 


The underlying causes responsible for con- 
genital glaucoma remain unknown. Any in- 
vestigation of the mechanism involved in this 
type of lesion would undoubtedly shed more 
light on the fundamental nature of glaucoma 
itself. It has been generally accepted that 
ocular hypertension in congenital glaucoma is 
brought about by structural abnormalities in 
the eye. 

The changes most commonly associated 
with the disease are believed to be located in 
the region of the angle of the anterior cham- 
ber. Obstruction to the drainage of intra- 
ocular fluids takes place. Intraocular pressure 
becomes elevated and, because of the elasti- 
city of ocular structures early in life, the 
globe becomes increased in size. A picture 
of buphthalmos familiar to the ophthalmolo- 
gist is thus produced. 

That congenital abnormalities in the struc- 
tures of the eye do occur has been demon- 
strated by many, including Parsons,’ Reis,’ 
Meisner,® and Byers.* On the other hand, it 
has been found by Barkan,*® Callahan,* and 
by others, that long-continued hypertension 
can obliterate the canal of Schlemm. Week- 
ers and Weekers’ do not accept the prevail- 
ing view of a local mechanical obstruction to 
the angle, but believe that the neurovascular 
mechanism is involved. 

Despite the fact that certain congenital 
deformities may be found in the eye, the 
mechanism which gives rise to glaucoma is 
by no means clear. This investigation was 
undertaken to evaluate the role of the neuro- 
vascular mechanism in cases of congenital 
glaucoma in adult rabbits and in their de- 
scendants. 


*From the Toledo Hospital Institute of Medi- 
cal Research. This work was supported by a grant 
from the Snyder Ophthalmic Foundation. 

t Research Ophthalmologist of the Snyder Oph- 
thalmic Foundation. 


NEUROVASCULAR MECHANISM IN 
BUPHTHALMOS (CONGENITAL 
GLAUCOMA ) 

Six chinchilla rabbits varying in age from 
one to three years were examined with the 
corneal microscope, slitlamp, and ophthalmo- 
scope. These animals were obtained from 
several sources through advertising in trade 
journals. Many animals were submitted but 
only six were found to have buphthalmos. 

The globes were large and protuberant. 
The conjunctivas were thickened, especially 
between the eyeball and the upper lid. A con- 
junctival pannus glaucomatosus covered 
parts of the cornea. There was cloudiness of 
the corneas, especially in the center, and the 
corneal diameter was increased from a nor- 
mal of 11 to 13 mm. to 16 to 18 mm. 

In some animals the cornea showed Fuchs’s 
“aufhellungsstreifen.” The anterior cham- 
bers were very deep. Crossing the surface 
of the iris were large blood vessels which are 
frequently found in human absolute glau- 
coma. 

Whenever the fundus was visible, pro- 
nounced changes were found. The papillae 
were pale. There was peripapillary atrophy. 
The medullated fibers were atrophic or en- 
tirely missing. These findings characterized 
the picture of buphthalmos. 

These animals were interbred and litters 
were obtained. Most of these animals died 
within the first few weeks. Two of the de- 
scendants lived long enough to allow satis- 
factory investigations. These animals were 
submitted to experiments at the age of nine 
months. 

Four of the six buphthalmic rabbits were 
kept in a completely dark room for 15 hours. 
Whereas, in man the intraocular pressure is 
increased in the dark, it is lowered in the 
normal rabbit. At the end of 15 hours the 
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TABLE 1 


ROLE OF THE NEUROVASCULAR MECHANISM IN THE CONTROL OF INTRAOCULAR PRESSURE IN 
CONGENITAL GLAUCOMA OF RABBITS 


(Four rabbits with congenital glaucoma were exposed to darkness for 15 hours. The animals were killed. 
Spinal fluid and pituitary glands were removed from the four rabbits. The pituitary bodies 
were separated into anterior and posterior lobes and each was suspended in saline. 
Spinal fluid, anterior and posterior pituitary suspensions were injected into test 


Results of Injections of Spinal 
Fluid into Test Animals 


Results of Injections of 
Posterior Pituitary 


rabbits and intraocular pressures recorded.) 


Resu;ts of Injections of 
Anterior Pituitary 


‘Before After ‘Before 
Injection 


(mm. Hg Schi¢tz) 


produces in test animals a significant decrease 


Injection 
(mm. Hg Schi¢tz) 


| 


Before After 
Injection 
(mm. Hg Schi¢tz) 


After 


animals causes an increase. On the other hand, spinal fluid and posterior pituitary from glaucomatous ani- 
mals exposed to darkness produced either no change or an increase in pressure. These findings suggest a dis- 
turbance in the secretion of pituitary principles and an increase in the quantity of hyperpiesin in congenital 


glaucoma of rabbits. 


animals were killed with air and the spinal 
fluid and the pituitary bodies were removed. 
The pituitary bodies were separated into 
anterior and posterior lobes and triturated in 
normal saline solution. Injections of the total 
suspension were made subcutaneously. 

Test rabbits were injected intravenously 
with 0.5 to 1.0 cc. of spinal fluid obtained 
from the animals with buphthalmos. That 
much spinal fluid could be obtained from 
each one of the animals. It was demonstrated 
in a former report that spinal fluid contains 
pituitary principles which act on intraocular 
pressure.* 

Several recordings of ocular tension were 
made in the test animals prior to injection 
and at 10-minute intervals for one to two 
hours after it. Tension was determined by 
the Schigtz tonometer. The recorded read- 
ings were in terms of the third corrected 
curve of Schigtz. The eyes were anesthetized 
with one drop of one-percent butyn. Ten- 
sion was obtained with a 5.5 gm. and a 10 
gm. weight. 

A tension of 3.0 or more mm. Hg under 


conditions as outlined was considered signifi- 
cant of a change due to experimental proce- 
dure as determined by our previous investi- 
gations. One test rabbit showed an increase 
in tension of 12 mm. Hg in both eyes. The 
second test animal had an increase of 3.0 mm. 
in both eyes. The remaining two test rabbits 
showed no change or a decrease of tension 
of 1.0 mm. Hg which was without experi- 
mental significance (table 1). 

In our previous investigations we observed 
that spinal fluid from rabbits exposed to 
dark reduced ocular tension in most test rab- 
bits by 2.0 to 5.0 mm. Hg.* These results 
suggest the presence of an abnormal secre- 
tory activity of the pituitary principles with 
a predilection to an increase in the quantity 
of hyperpiesin, the pituitary substance which 
gives an increase in pressure. 

Another group of test rabbits was injected 
subcutaneously with a one-cc. suspension in 
normal saline of the posterior pituitary re- 
moved from the animals with buphthalmos. 
The intraocular pressure was increased sig- 
nificantly in two test rabbits and decreased 
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without experimental significance by 1.0 to 
2.0 mm. Hg in the other two animals (table 
1). Posterior pituitary suspension from nor- 
mal animals exposed to dark produced in- 
variably a decrease in pressure.* 

Injection of suspension of anterior pitui- 
tary body into test animals resulted in an 
increase of pressure of 1.0 to 6.0 mm. Hg 
(table 1). Anterior-pituitary suspensions 
from normal animals exposed to dark re- 
sulted in a rise of pressure of 3.0 to 10 mm. 
Hg.* The experiments with crude suspen- 
sions of pituitary tissue give further indica- 
tion that rabbits with congenital glaucoma 
have a disturbance of pituitary secretion with 
a resultant increase in the quantity of hyper- 
piesin. 

Two of the remaining rabbits with buph- 
thalmos were exposed to bright light for 
five hours. The animals were killed with air. 
Spinal fluid was withdrawn and injected 
intravenously in one-cc. volumes into test 
rabbits. Ocular tension was obtained several 
times prior to and at 10-minute intervals for 
two hours after injection. There was a con- 
sistent rise of ocular tension which varied 
from 5.0 to 8.0 mm. Hg (table 2). Spinal 
fluid taken from normal rabbits exposed to 


TABLE 2 


ROLE OF THE NEUROVASCULAR MECHANISM IN THE 
CONTROL OF OCULAR TENSION IN CONGENITAL 
GLAUCOMA OF RABBITS 


(Two rabbits with congenital glaucoma were exposed 
to bright light for five hours. The animals were 
killed. Spinal fluid was removed and 
injected into test rabbits and intra- 
ocular pressures recorded.) 


After Injection 
(mm. Hg Schi¢gtz) 


Before ion 


(mm. Hg Schi¢tz) 


INTERPRETATION; Spinal fluid obtained from nor- 
mal animals exposed to strong light and injected into 
test animals produces an increase in ocular tension. 
Similar results were obtained with spinal fluid from 
glaucomatous animals. The disturbance in congenital 
glaucoma of rabbits affects apparently the secretion 
of pituitary principles in a manner which results in 
an increase of hyperpiesin. 
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strong light and injected into test animals 
gave a corresponding increase in test ani- 
mals.* Apparently, whatever abnormality ex- 
ists in relation to pituitary secretion, there is 
no intereference with the production of hy- 


perpiesin. 


NEUROVASCULAR MECHANISM IN 
DESCENDANTS OF RABBITS 
WITH CONGENITAL 
GLAUCOMA 


Of the several litters resulting from inter- 
breeding of rabbits with congenital glaucoma, 
all but two animals died before they were old 
enough to be subjected to experiments. The 
two remaining animals were examined with 
the corneal microscope, slitlamp, and ophthal- 
moscope. No abnormal changes were de- 
tected. 

The animals were exposed to bright light 
for a period of five hours. Tensions taken 
before and after exposure did not reveal any 
significant variations. The animals were ex- 
posed to total darkness for a period of 15 
hours. Ocular tension taken after that period 
did not reveal any significant changes (table 
3). 

These findings constituted an abnormal re- 
sponse. Normal animals subjected to light 
and dark responded by significant increases 
and decreases of intraocular pressure. 

The two rabbits were subjected to the odor 
of left-citronellol. There were no changes in 
pressures taken prior to and after exposure 
to the chemical (table 3). Normal rabbits in 
other experiments responded by a significant 
increase.® It was indicated in previous pub- 
blications that responses to light, dark, and 
to odors are under the control of the neuro- 
vascular mechanism.*” On the basis of these 
findings, it may be deduced that, although 
the animals were free from signs of glau- 
coma, yet the diencephalic centers of the 
neurovascular mechanism were abnormal in 
the control of intraocular pressure. 

The two rabbits were injected intrave- 
nously first with hyperpiesin (pituitary prin- 
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ciple which raises ocular pressure) contained 
in one cc. of spinal fluid. There was no 
change in ocular pressure (table 3). Normal 
animals injected with hyperpiesin responded 
by an increased pressure up to 10 mm. Hg. 

After several days, the two rabbits were 
injected intravenously with miopiesin. There 
was no significant change in the ocular pres- 
sure (table 3). On the other hand when nor- 
mal rabbits were given miopiesin they re- 
sponded by a decrease of pressure up to 8.0 
mm. Hg. 

These observations suggest that the de- 
scendants of animals with congenital glau- 
coma show an abnormality of diencephalic 
response to pituitary principles. Since the two 
animals did not have ocular hypertension, it 
is evident that other regulatory mechanisms 
outside of the neurovascular and pituitary 
principles are capable of maintaining a nor- 
mal intraocular pressure. 

The two rabbits were then given orally dis- 
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tilled water in 40 cc. quantities per kg. body 
weight. Tensions were taken prior to and at 
10-minute intervals for two hours following 
the administration of water. The intraocular 
pressures of the two animals were increased 
by 9.0 to 14 mm. Hg (table 3). The pres- 
sures did not persist as long but were higher 
than in normal animals. ; 

This experiment suggests the presence of 
an instability of intraocular pressure in re- 
sponse to stimuli. It is postulated that this in- 
stability is due to the lack of normal secre- 
tion of the two pituitary principles, hyper- 
piesin and miopiesin, which normally main- 
tain the stability through the medium of the 
diencephalic centers. It is further postulated 
that the instability of the regulatory mecha- 
nism predisposes to abnormal responses and 
to the development of clinically demonstra- 
ble glaucoma. 

The two rabbits descendant from animals 
with congenital glaucoma were exposed to 


TABLE 3 


THE NEUROVASCULAR MECHANISM IN RABBITS DESCENDANT FROM GLAUCOMATOUS ANIMALS BUT 
WITHOUT EVIDENCES OF GLAUCOMA 


(Descendants of glaucomatous animals were exposed to light, darkness, odors, injected with pituitary 


principles, and given distilled water orally. Intraocular pressures were recorded.) 


Animals Given Either | 
Hyperpiesin or 
Miopiesin 


| Animals Ex osed to 
Odor of Left- 
Citronellol 


Animals | Animals 
Exposed | Exposed 
to Light | to Dark 


Animals Given Distilled 
Water Orally 


Before After 


(mm. Hg 
(mm. Hg Schi¢gtz) 


(mm. Hg 
Schi¢gtz) 


Schi¢tz) 


Before After 
Hyperpiesin 
(mm. 


Before After in 25 & 
45 min. 


g Schigtz) (mm. Hg Schi¢gtz) 


33 
27 
40 
40 


INTERPRETATION: In normal animals, exposure to darkness or to odor of left-citronellol produces a change 
in intraocular pressure. Descendants of glaucomatous animals showed no change. These findings suggest 
that there is a failure in the secretory mechanism of pituitary principles which act upon ocular tension. 

Injection of pituitary principles into the descendants of glaucomatous animals produced no response in 
intraocular pressure. This finding suggests that one part of the neurovascular mechanism, probably the 
diencephalic centers, are so affected that they do not respond to pituitary stimuli. The pronounced rise in 
pressure and its more rapid decline after oral distilled water suggests an instability of maintenance of intra- 
ocular pressure. The experiment also indicates that the aqueous-plasma barrier is not disturbed. 


17 19 20 20 21 21 18 21 
ae 20 21 26 27 25 25 28 | 35 
a. 20 20 26 27 25 25 27 31 

%6 25 Miopiesin 
27 25 23 21 
BS 26 25 18 18 
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TABLE 4 


SECRETION OF PITUITARY PRINCIPLES CONCERNED WITH INTRAOCULAR PRESSURE IN DESCENDANTS OF 
RABBITS AFFLICTED WITH CONGENITAL GLAUCOMA 


(Two rabbits without obvious signs of glaucoma but who were descendants of glaucomatous animals were 
exposed to darkness for 15 hours and then killed. The spinal fluid and the pituitary glands were 
removed. The posterior and the anterior part of the pituitary were suspended in saline. Spinal 

fluid and the pituitary suspensions were injected into test animals and their intraocular 
pressures recorded.) 


Before After 
injection of anterior pituitary 
(mm. Hg Schi¢tz) 


Before After 
injectior of posterior pituitary 
(mm. Hg Schi¢tz) 


After 
injection of spinal fluid 
(mm. Hg Schigtz) 


20 20 27 25 27 28 
20 21 26 25 28 29 
25 %6 25 25 25 25 
25 25 25 25 24 | 24 


INTERPRETATION: Spinal Auid and posterior pituitary of normal animals exposed to darkness decreases 
intraocular pressure in test animals. Anterior pituitary produces an increase. No changes were found in test 
animals injected with spinal fluid and pituitary principles from descendants of glaucomatous animals. These 
findings suggest that pituitary function concerned with maintenance of intraocular pressure is profoundly 
disturbed in animals without apparent signs of glaucoma but who are descendant from glaucomatous ani- 


mals, 


dark for 15 hours and then killed. The spinal 
fluid and the pituitary bodies were removed. 
The anterior and posterior parts of the pitui- 
tary organ were triturated each in one cc. 
of normal salt solution. The spinal fluid was 
injected intravenously and the pituitary sus- 
pension subcutaneously into test rabbits. 

No changes in intraocular pressure were 
obtained in any of the test rabbits (table 4). 
A similar exposure to dark of normal rab- 
bits followed by injection of their spinal 
fluid and posterior pituitary into test rab- 
bits induced a lowering of pressure. The an- 
terior pituitary resulted in an increase.* 

These experiments supply further evi- 
dence that the pituitary body in the descend- 
ants of rabbits with congenital glaucoma fails 
to elaborate pituitary principles which serve 
to regulate intraocular pressure by their ac- 
tion on the diencephalic centers. 


SUMMARY AND Discussion 


Experiments on six rabbits with congenital 
glaucoma buphthalmia, hy- 
drophthalmia"') indicated a significant altera- 
tion in the normal function of the neurovas- 
cular mechanism which regulates intraocular 
pressure. Stability of pressure was found to 
be seriously disturbed. Since instability of 
ocular tension is as important as its height 


(synonyms : 


in the development of glaucoma, the factors 
which contribute to it necessarily play a part 
in the cause of the disease. Congenital glau- 
coma in rabbits is associated with a faulty 
secretion of pituitary principles with an in- 
creased quantity of hyperpiesin. 

The two descendants of the rabbits with 
congenital glaucoma gave significant findings. 
Although the two animals did not have signs 
of glaucoma, they showed evidences of dys- 
function of the neurovascular mechanism. 
There was a lack of secretion of pituitary 
principles. The diencephalic centers failed to 
regulate properly the stability of the intra- 
ocular pressure. 

Although no correlation has been estab- 
lished between primary and congenital glau- 
coma, the possibility must neither be over- 
looked nor disregarded. In view of the find- 
ings in the descendants of glaucomatous ani- 
mals, consideration must be given to this 
possibility. The animals were without clinical 
signs of glaucoma and yet they showed fairly 
profound abnormalities of the neurovascular 
mechanism which is one of the controls of 
intraocular pressure. 

Elwyn’s® point of view that “primary 
glaucoma is the result of an inherited in- 
herent defect in the central mechanism in- 
tegrating and regulating the individual fac- 
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tors which maintain the tension within the 
eye at a normal value,” finds suggestive cor- 
roboration in the results obtained in the 
descendants of glaucomatous animals. 

The mechanism concerned in hereditary 
transmission of glaucoma is unknown. Most 


observers accept the concept that in con- | 


genital glaucoma the structure of the eye 
varies from normal. Malformations of the 
filtration angle, small eyes, and large lenses 


have been implicated. These investigations 
indicate that an instability of intraocular 
pressure exists in animals without any of 
these stigmas. This instability is produced 
by abnormalities of secretion of pituitary 
principles and by impaired diencephalic cen- 
ters concerned with the regulation of intra- 
ocular pressure. 
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PLASMA IMPLANTATIONS IN THE CORNEA* 


G. W. H. M. van ALPHEN, M.D. 
Leyden, Holland 


Up to the present time the problems of 
the fate of the corneal transplant, the con- 
servation of its individuality or its partial 
and/or total absorption and substitution, 
have been studied by means of microscopic 
follow-ups of transplants. 

These investigations were seriously handi- 
capped by the fact that a great similarity 
existed in the microscopic picture between 
the host cornea and the graft. Furthermore, 
it is not known in which manner a total sub- 
stitution occurs, if indeed it occurs at all. In- 
vestigations with artificially induced scars do 


* From the University Eye Clinic. I wish to thank 
Dr. P. van der Meer, Dr. J. A. Cohen, Dr. H. L. 
Booy, Prof. P. J. Gaillard, Dr. G. J. Verdonck, 
and Mr. W. A. Blokhuis for their unstinted help 
and valuable discussions, and Mr. L. Beumer for 
his help in laboratory technique. 


not sufficiently indicate the full regenerative 
potency of the cornea. 

These difficulties are overcome on implant- 
ing a graft without a histologic structure, 
having the property of gradual absorption. 
In these circumstances it becomes possible 
to study the “pure” behavior of the host 
cornea, itself. 

Blood plasma was chosen as the “graft.” It 
has no histologic structure and, if placed in 
the anterior chamber of the eye, was shown 
to dissolve in about a fortnight. Biochemi- 
cally, however, plasma shows a definite struc- 
ture; this is of possible value in the results 
of the implantation. 

The incorporation into tissue cultures of 
certain structures, such as threads of nylon 
or glass, and the influence of the highest 
tension in the underlying rubber-base much 
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Fig. 1 (van Alphen). Host cornea (to the left) and 
plasma graft four days after implantation. The graft 
is partially torn off. The proliferation of the host 
cornea’s endothelium is continued over onto the graft 
(E-E). The epithelium has also proliferated, though 
rather less than the photograph would seem to indi- 
cate. In the graft, remains of the plasma are still 
clearly visible, particularly in the form of bars. Note 
the migrated cells. 


improve the rate of cell migration ( Weiss* ). 
Since plasma has a fibrillar structure, a 
stimulating influence on cell migration may 
be expected. 


PREPARATION OF PLASMA 


Rabbit blood, obtained on puncture of the 
heart, is received into a tube over oxalate of 
sodium and centrifuged. The oxalated 
plasma is sucked up and precipitated at 
37° C. with a quantity of CaCl,, such that 
the clotting-time passes a minimum. As this 
plasma contains calcium, another method 
was employed later on in which blood was 
centrifuged in ice-cooled paraffined tubes. 
Then the syneresis water is removed from 
the plasma clot by applying slight pressure. 
A good plasma film, nearly two mm. in 
thickness, is obtained in this way. 


IMPLANTATION 


The cornea of a rabbit was totally tre- 
phined (diameter 4.1 mm.) and a plasma 
film of the same diameter was inserted. The 


* Weiss, P.: Arch. f. Entw. Mechan., 116:438, 
1929. 


first implantation was carried out following 
Castroviejo’s method.* 

From this experiment it became clear that 
the operation itself was feasible; since the 
anterior chamber was reformed and _ the 
graft did not dissolve too rapidly, the eye 
was preserved. Because the fixation sutures 
cut deeply into the soft plasma, however, all 
the next implantations were fixed by means 
of contact glasses. 

Six plastic contact glasses of different 
sizes were manufactured to fit rabbits’ eyes. 
Prior to each operation the best-fitting glass 
was selected. 

The normal cornea was then trephined 
under atropine, and the plasma film was cut 
with the same trephine. The excised piece 
of plasma film was then inserted into the 
eye, a contact glass was placed upon it, and 
firm pressure was applied for one to two 
minutes. The plasma soon adhered to the 
borders of the cornea and, at the end of this 
time in most cases, the anterior chamber 
had reformed. Penicillin-atropine ointment 
was applied and the eyelid sutured. 


Fig. 2 (van Alphen). High-power view of Figure 
1. Proliferation of endothelium at the edge of the 
host cornea’s Descemet’s membrane. 


tI wish to thank Dr. C. Kok van Alphen for 
carrying out this first implantation, Dr. E. G. 
Wijngaarde for valuable assistance in the other 
experiments, and Mr. D. Laman for anesthesia. 
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SUBSEQUENT COURSE 


At the end of three days, in most cases, 
no details were visible, as the dissolving 
plasma clouds the contact glass. After six 
to eight days, the contact glass is removed 
and the graft shows a chalk-white colora- 
tion. After 10 days the color pf the graft 
has, more or less, the aspect of milky glass. 

On the 12th to 16th day, small radial 
blood vessels appear, originating in the lim- 
bus in the direction of the graft and pene- 
trating into the graft’ in only a few of the 
observed cases. These vessels disappear again 
in from four to eight days. Twelve to 24 
days after operation, the borders of the graft 
start to become transparent, and this pro- 
ceeds extremely slowly toward the center 
of the graft. 

In all, 32 rabbits were operated upon. 
The results were: 

Lost (panophthalmia) 

Enucleation within 25 days of implantation 

Thin macula corneas 

The transparency may be tabulated as fol- 
lows: 

Cleared up at the borders 

Clear epithelium and but slight stroma 

cloudiness and cloudy Descemet’s mem- 
brane 

Clear epithelium and stroma; Descemet’s 

membrane still cloudy 

The same but with a very 

slight central clouding of 
Descement’s membrane .. 2 

Absolutely transparent 

In only five cases was the 
implanted plasma film obtained 
from the blood of the same 
rabbit on which it was later 
grafted. In all other cases, the 
plasma was derived from an 
arbitrarily chosen rabbit. In the 


Fig. 4 (van Alphen). Later 
phase of proliferation of the endo- 
thelium at the edge of the host's 
Descemet’s membrane. Beginning of 
new Descemet formation (three to 
four weeks after implantation). 


Fig. 3 (van Alphen). Enlarged part of the plasma 
graft of Figure 1. Migration of endothelial cells. 
results, however, no difference was notice- 
able; a retarded dissolving of the plasma of 
auto-implants in the anterior chamber was 
suggested by the longer duration of cloudi- 
ness of the aqueous. 

The microscopic sections of the 28 im- 
plantations show the manner in which the 
plasma is being “rebuilt’’ into normal cor- 
nea. This process and its variations will be 
summarized here. 
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Fig. 5 (van Alphen). Beginning of new Desce- 


met formation (three to four weeks after implan- 
tation). 


The graft, four days after the implanta- 
tion, is wholly filled with spindle-shaped cells, 
many of which show mitotic division. The 
indication of the origin of these cells is very 
clear indeed—endothelium of the host cornea 
at the edge of Descemet’s membrane has pro- 
liferated enormously and these endothelium 
cells are migrating into the plasma graft. 
These migrated cells completely correspond 
in shape, size, and structure to the cells of 
the original endothelium. Nearly all micro- 


Fig. 6 (van Alphen). Proliferation of the endo- 
thelium eight weeks after implantation. Note host's 
Descemet’s membrane and newly formed Descemet’s 
of the graft. 


scopic sections of the plasma-implanted cor- 
neas still clearly show the original prolifera- 
tion of the endothelium at the edges of the 
host’s Descemet’s membrane. 

The host cornea’s epithelium also is pro- 
liferating—though much less _ intensively 
than the endothelium—and these epithelial 
cells, four days after implantation, have 
already crossed over to the edges of the 
plasma graft. Numbers of these cells appear 
to come loose from the context of the epi- 
thelium, and to swarm into the plasma in a 
similar manner. 


LATER COURSE 


In the protoplasm of the spindle-shaped 
cells in the graft, after eight to 15 days, a 
distinct fibrillary structure appears, which 
is shown exclusively, at the beginning, in 
the GomOrry-stained specimens; and later 
also with the Weigert-Gieson staining 
method. In the same period many specimens 
also show the beginnings of lamellar forma- 
tion and flattening of the cells. 

In a later phase—about eight weeks after 
implantation—the newly formed stroma is 
hardly to be distinguished from the stroma 
of the host cornea in many cases. The lamel- 
lar structure, in about half the cases, shows 
slight to very distinct irregularities, due 
largely to inflammation which may be ac- 
companied by ingrowing’ blood vessels. 

In the initial phases of the chronic pro- 
liferative inflammation, a strong mesenchy- 
mal proliferation occurs, which shows 
exudate, leukocytes, accumulation of his- 
tiocytes, mast cells, and phagocytic giant 
cells. In later phases all this results in a very 
irregularly built fibrous tissue. 

In the early phases the stroma of the host 
cornea is, in many cases, slightly infiltrated 
with leukocytes. The stroma cells situated 
in the near vicinity of the graft are con- 
siderably swollen, but no signs of mitosis 
were ever observed. 

In half the number of cases, a newly 
formed intact endothelium was found and, 
moreover, a newly formed Descemet’s mem- 
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PLASMA IMPLANTATIONS IN THE CORNEA 


brane was present in six of the cases. This 
new Descemet’s membrane is thinner and 
stains more faintly than the host Descemet’s 
membrane. Apart from these findings in 
three of the seven eyes enucleated early in 
the experiment (three to four weeks after 
implantation), Descemet’} membrane was 
present ih a rudimentary form. 

In only four cases was the epithelium 
absent. All the other cases showed intact 
epitheliums, some of which were very reg- 
ular, and others considerably irregular in 
appearance. In two cases, large bullae had 
formed. In one case, there was such a pro- 
liferation of the epithelium that it resembled 
a granuloma.* 

Even three to four weeks after implanta- 
tion, definite parts of the epithelium clearly 
indicated a gradual transition of epithelium 
cells into stroma cells. It is obvious that the 


epithelium takes its part in the building-up Fig. 7. (van Alphen). The newly formed stroma, 


20 days after implantation. Migrating endothelial 


of the stroma, though to a much lesser ex- cells constitute a three-dimensional reticulum. 
tent than the endothelium. 

The time of epithelization of the surface STROMA 
of the graft varies considerably—between Regular 


Irregular 
Fibrous 


12 and 30 days—being determined by means 
of fluorescein staining in the living eye. In 
one of the microscopic sections a very — Descemer’s MEMBRANE 
regular intact epithelium was found as early Present 
as 14 days after implantation. Indicated 
Bowman’s membrane is absent in rabbits 
and it may be that its function is taken over 
by the basal membrane of the epithelium. In 
10 cases the new epithelium showed a dis- 
tinct basal membrane. 
A summary of microscopic findings in 22 
eyes enucleated after more than three weeks 
following implantation shows: 


EpiIrHELIUM 


Regular 
Irregular 


*In this case, in the newly formed stroma many Fig. 8 (van Alphen). Gradual transition of epi- 
cells resembling eosinophilic leukocytes were found, thelial cells of the graft into stroma cells (three 
the significance of which remains obscure. to four weeks after implantation). 
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CONCLUSIONS 


From experimental work on rabbits it be- 
came clear that implantation of a plasma 
film into a wholly trephined normal cornea 
is possible; fixation being by means of a 
contact glass. 

It was shown that the host cornea is able 
to build up into this plasma medium a new 
tissue which very closely resembles the nor- 
mal cornea in histologic structure and trans- 
parency (a slight central clouding of Desce- 
met’s membrane excepted). 

The host cornea’s endothelium appears to 
be essentially significant in the formation of 


G. W. H. M. VAN ALPHEN 


Fig. 9 (van Alphen). Host cor- 
nea and newly formed cornea three 
months after implantation. The 
place of transition is marked by a 
slight irregularity in the lamellar 
structure of the stroma. Also the 
host’s Descemet’s membrane is 
thicker and stains more deeply than 
the newly formed Descemet. Re- 
mains of proliferation of the endo- 
thelium. 


stroma, Descemet’s membrane, and the new 
endothelium. 

The new epithelium is derived from the 
host cornea’s epithelium, the proliferation 
of which may also be of some significance in 
the stroma formation, though its share seems 
to be rather slight. 

These investigations appear to be of 
theoretical value only, in so far as they in- 
dicate the potency of the host cornea, the 
possibility of corneal regeneration in a proper 
medium, and the manner in which this re- 
generation takes place. 


University Eye Clinic. 


OPHTHALMIC MINIATURE 


When the adhesion (symblepharon) begins at, is continuous with, and 
arises from that part of the conjunctiva which is reflected from the lid 
to the ball of the eye, so that on raising the eyelid a broad attachment 
is perceived, restraining the motions of the eye, it ought not to be 
meddled with for it may be increased, but it will never be diminished. 

Guthrie, Lecture on the Operative Surgery of the Eye, 1830. 
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A COMBINED BRIDLE 
AND CONJUNCTIVAL 
RETRACTION SUTURE* 


Joun Tuayer Simonton, M.D. 
Rye, New York 


When employing the method of cataract 
surgery in which a sliding conjunctival flap 
is dissected upward from the limbus, I have 
found this new bridle suture of value. 


METHOD 


Following routine preparation of the eye 
for cataract surgery, a lid speculum or lid 
traction sutures are used to expose the eye. 
A peritomy is done from the 9-o’clock posi- 
tion up and around to the 3-o’clock position. 
The conjunctival flap is then freed up by 
further blunt and sharp dissection so that it 
may be easily drawn down over the upper 
one third of the cornea. 

A Desmarres lid retractor is used to re- 
tract the flap (fig. 1), while the superior 


Fig. 1 (Simonton). Direct visualization of the 
muscle is possible. 


* From the Department of Ophthalmology, Lenox 
Hill Hospital, New York, New York. 


INSTRUMENTS 


rectus muscle is picked up with Lister for- 
ceps about five to seven mm. back of the 
insertion site. The bridle suture is then 
placed through the muscle. The Desmarres 
lid retractor is removed and a serrefine is at- 
tached to the five-inch reins of the bridle 
suture. 


Fig. 2 (Simonton). The suture retracts the 
conjunctiva away from the limbus. 


ADVANTAGES 


1. Direct visualization of the muscle while 
placing the suture (fig. 1) is possible. Thus 
the suture can be placed well back of the in- 
sertion site of the superior rectus. The re- 
sultant effect of any pull on the bridle suture 
is a tendency for the corneoscleral wound to 
close rather than to gape. 

2. As seen in Figure 2 the suture retracts 
the conjunctiva away from the limbus, 
thereby maintaining a clear field which is 
especially important when the section is made 
and when the corneoscleral sutures are 
placed. 

3. Annoying subconjunctival hematoma is 
avoided. 
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708 NOTES, CASES, 
4. Repeated attempts to place the bridle 
suture properly are avoided. 


DISADVANTAGES 


1. A few extra minutes are required to 
expose the superior rectus and place the 
suture through the muscle well back of the 
insertion site. 

2. There is more surgical trauma to the 
eye. 

SUMMARY 


A new type of combined bridle and con- 
junctival retraction suture is presented for 
use in the method of cataract surgery in 
which a sliding conjunctival flap is employed. 
This suture has been used in 35 cases and 
found to be of value for the reasons 
enumerated. 

Blind Brook Lodge. 


SCLERECTOMY IN RETINAL 
DETACHMENT* 


WITH NO ATTEMPT TO SEAL THE DISINSER- 
TION : REPORT OF A CASE SUCCESSFULLY 
TREATED 


Frank A, Vesey, M.D. 


New York 
History OF THE CASE 


At two o'clock in the morning of August 
12, 1948, D. S. R., a Puerto Rican cafeteria 
worker, aged 40 years, was admitted to the 
hospital as an emergency case, with symp- 
toms that seemed to indicate an attack of 
acute glaucoma. 

On the same afternoon when I first ex- 
amined this patient, the following history 
was obtained. Soon after he came out of the 
refrigerator room at the cafeteria where he 
was working, he had lifted the top from the 
coffee maker. Steam had enveloped his face 
and made him sneeze violently. After sneez- 


* From the Department of Ophthalmology, New 
York Polyclinic Medical School and Hospital. 
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ing, he suddenly lost vision and, a little 
later, developed a severe temporal headache. 

Eye examination revealed vision to be: 
R.E., faint light perception; L.E., percep- 
tion of hand movements. Externally the eyes 
were normal, as were the adnexa. No signs 
of inflammation were present in either eye. 
Both pupils were moderately narrow ; there 
was no reaction to light from a flashlight, 
without magnification, in either eye. 

Questioning brought out that he had been 
injured in his right eye when a boy, but he 
did not remember the course of the disease 
that followed. 

Atropine and 10-percent neosynephrine 
were used to produce dilatation. The pupils 
dilated poorly but, after three quarters of an 
hour, a fairly wide dilatation was obtained in 
the left eye; some dilatation in the right eye. 

The fundus of the right eye was not visi- 
ble because the lens was completely opaque ; 
the left eye showed the media to be fairly 
clear. The disc was visible, the borders well 
defined, and the vessels could be followed 
over the retina which was almost entirely 
detached. 

An area with a border shaped like a parab- 
ola extended from the lower part of the 
disc to the periphery, from the seven to the 
five-o’clock positions. This area showed no 
retinal vessels. Its appearance was typical of 
disinsertion of the retina (fig. 1). A diag- 
nosis of retinal detachment was made. 

Since it seemed that a diathermy opera- 
tion might not cure the condition, it was de- 
cided to do a sclerectomy. 

After a complete laboratory work-up had 
disclosed that no inflammation was present, 
the patient was operated on August 19th 
under Van Lint-O’Brien anesthekinesia. Ret- 
robulbar novocaine and local pontocaine ap- 
plications were used. 


SURGICAL TECHNIQUE 


The conjunctiva was divided by an incision 
parallel to the limbus and 10 mm. from it. 
The superior rectus was detached and, about 
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10 mm. behind the tendon of the muscle, an 
oval-shaped sector of the sclera was excised, 
two-mm. wide and 20-mm. long. The choroid 
was cut through and about two or three cc. 
of fluid were drained from under the retina. 
The scleral wound was united with black silk 
sutures as the excision went along. 

After the closure of the scleral wound 
three cc. of normal saline were injected into 
the vitreous cavity, and an approximately 
normal tension, or a little , higher, was 
reached. The superior rectus was reattached 
by catgut sutures and the conjunctival 
wound was closed by a continous black-silk 
suture. 

After operation, the vision was tested and 
the patient counted fingers very easily at 
three feet. Atropine and sulfathiazole oint- 
ment were instilled and both eyes were 
dressed. 

At the first dressing, seven days after the 
operation, the fundus was not visible at all 
and the patient had light perception only. 
This was supposed to be due to a rather 
large vitreous hemorrhage. The eye was 
quiet, however, and was again dressed with 
atropine and sulfathiazole. For the next few 
days, the patient complained of pain in and 


> 
Fig. 1 (Vesey). Almost complete funnel-shaped 


detachment of the retina, O.S. The large disinser- 
tion, parabolic in shape, is outstanding. 


Fig. 2 (Vesey). The fundus appears fairly nor- 
mal. The atrophic area above, which corresponds to 
the scar of the sclerectomy, and the two white 
patches along the lower temporal vein below should 
be noted. The sheathing and white patches are 
probably due to cramping of the vessel by the 
wrinkling of the detached retina. The characteristic 
faint borderline is discernible around the stippled 
area bounding the area of former disinsertion. 


around the eye and a total of one million 
units of penicillin was given intramuscularly. 
The tension of the eye was normal to fingers. 
Otherwise, recovery was uneventful and the 
continuous suture was removed from the 
conjunctiva on the 14th day. 


COURSE 


The vitreous opacity started to clear up in 
July, 1949, and by the end of August, the 
patient had 20/30 vision. The eyeground 
was visible but there were still numerous 
vitreous opacities. By the end of September, 
1949, the eyeground was well visualized with- 
out dilation and the visual acuity of the left 
eye was 20/20 with a —0.5D. sph. > 0.5D. 
cyl. ax. 90°. The visual field with a 10-mm. 
white object showed normal limits. 

On October 25th, the patient was again 
seen under homatropine dilatation, At this 
time, the third branch of the lower temporal 
vein displayed marked sheathing and a wide 
spot partially covered the vein about two disc 
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diameters from the border of the disc. There 
was a similar smaller spot farther down. 

An area that exactly duplicated the ap- 
parent disinsertion seen first in 1948, with 
a slightly darker mottled appearance was 
separated from the rest of the retina by a def- 
inite though faint border line. The diseased 
vein was lying in this area. At the periphery 
in the upper quarter, there was an area of 
choroidal and retinal atrophy, evidently the 
result of the sclerectomy (fig. 2). 

The pupil reacted well to light before di- 
latation was commenced. A fundus photo- 
graph was made in the New York Eye and 
Ear Infirmary on this day. 

The following morning the patient 
awakened with his vision very blurred. When 
I saw him on October 28th at his home, he 
said that he had danced at some gathering 
on October 25th. Examination on October 
28th showed that the pupil was moderately 
narrowed and reacted poorly to light. The 
fundus was faintly visible and a mass of 
vitreous hemorrhage could be seen in the 
lower part of the vitreous covering the lower 
half of the retina. Vision was finger counting 
at six feet. 

The patient was admitted to Polyclinic 
Hospital on November Ist. Laboratory ex- 
aminations, chest roentgenograms, and Man- 
toux test were negative. He was given 
atropine (one percent, three times daily), 
hot compresses, and eight subconjunctival 
saline injections between November 2nd and 
December 6th, on which date he was dis- 
charged from the hospital. His vision at that 
time was 20/100. 

By March 20, 1950, his vision improved to 
20/40, the fundus was somewhat hazy, and 
vitreous opacities could still be seen. On 
April 21, 1950, the vision was 20/30—, with- 
out correction; with correction, it was 20/ 
20—. The fundus was visualized well, vitre- 
ous opacities were ill defined and few. The 
stippled area had disappeared, and the fundus 
was uniform in appearance except for two 
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small hemorrhages in the upper temporal 
quadrant. 
DiscuSssION 


I felt that this case should be presented 
and discussed because of several interesting 
aspects : 

1. What caused the complete reattach- 
ment? It seems very unlikely that shortening 
the eyeball to the extent that can be achieved 
by sclerectomy would be sufficient in itself. 
The whole difference between the capacity 
of the eyeball before and after the operation 
is only two percent. 

Although the mechanical explanation of 
retinal separation is quite simple and plausi- 
ble, it leaves unexplained those many in- 
stances in which defects of the retina are 
outstanding, yet no separation occurs. 

Why is this dreaded complication absent 
in, perhaps, 95 percent of the cases of senile 
hole-formation of the macula? Why does 
it not occur in about 80 to 85 percent of the 
cases of traumatic hole-formation ? Why does 
it not take place in, perhaps, 85 to 90 percent 
of senile cystic degenerations of the periph- 
ery, where holes are definitely present ? 

It is generally accepted that degeneration 
and “detachment” of the vitreous is the first 
step in retinal separation. Whether this de- 
generation is “primary” or secondary to 
some known pathologic condition is not a 
matter of importance. In the case herein pre- 
sented the vitreous was not in a normal con- 
dition, although no detachment could be 
ascertained. At the operation no attempt was 
made to seal the very large area of disinser- 
tion. Yet, the reattachment was complete and 
seemingly permanent. 

One wonders whether it is the sealing of 
the retinal tears or inflammation secondary 
to the trauma of operation that results in 
cure in the more fortunate cases. In retinal 
separations in which no holes were found, 
more or less extensive electrocoagulation of 
the scleral surface has resulted in permanent 
reattachment in many cases. 
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It is difficult to assess the relative merits 
of electrocoagulation and sclerectomy. In the 
case herein presented, I chose the latter pro- 
cedure because the degree of separation 
would have required too extensive electro- 
coagulation, especially if the disinsertion had 
also been sealed. Sealing only the disinser- 
tion did not seem at all promising when the 
almost complete, funnel-like detachment was 
considered. 

Proper drainage of subretinal fluid at 
operation is emphasized by all authors. It 
seems only logical to bring the intraocular 
pressure back to normal or above, after 
drainage, by injection of normal saline into 
the vitreous cavity, otherwise the apposition 
of the retinal layers might not (or could 
not) be permanent. 

The choice of operation in different types 
of retinal detachments requires extensive 
work and study. This case is reported with 
the hope that it may be a minute contribu- 
tion to existing knowledge. 

311 East 72nd Street (21). 


GENERALIZED GIANT 
FOLLICULAR LYMPHOMA 
INVOLVING THE EYE 


E. L. M.D. 


Davenport, Iowa 


A review of the literature shows giant 
follicular lymphoma involving the eye to be 
rare. Recently Chambers’ reported a patient 
treated with nitrogen mustard which caused 
the lesion to disappear up to the time the 
report was written (four months later). 

In his paper, Chambers' reviewed the sub- 
ject and quoted Baehr, Rosenthal, and 
Klemper as saying that this type of tumor is 
characterized by hyperplasia of lymph fol- 


licles and spleen, absence of cytologic , 


changes in the blood, occasional develop- 
ment of pleural and peritoneal effusions, ab- 
sence of involvement of tonsils and lymph- 
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oid tissue of the gastro-intestinal tract, and 
occasional unilateral exophthalmos resulting 
from lymphatic infiltration of the lacrimal — 
gland. 

The disease has a multicentric origin in 
lymph follicles throughout the body; the 
nodes show large lymph follicles with germi- 
nal centers. Progressing slowly, the disease 
may remain unchanged fot years and even- 
tually terminate in Hodgkin’s disease, 
lymphosarcoma, or leukemia. 

Although the older literature included a 
number of cases of lymphomas involving 
the eye, only one report was found which 
mentioned lymph follicles. This was a case 
reported by Coats? in 1915. In this paper, he 
mentions two previously published cases. In 
none of Coats’s cases, however, were en- 
larged regional nodes or nodes in other parts 
of the body mentioned. 

McGavic* reviewed 21 cases of lymphom- 
atous diseases of the eye in the literature 
and found three which he called “giant fol- 
licular lymphosarcoma.” All three involved 
the lacrimal glands; only one had other le- 
sions—the blood picture of leukemia. 

In this one generalized case—that of a 
woman, aged 52 years—biopsies from vari- 
ous sites in the body showed “giant follicu- 
lar lymphosarcoma.” The first biopsy was 
taken five years after the onset of symptoms ; 
a year later the lacrimal gland became in- 
volved. Biopsy showed a diffused infiltra- 
tion with lymphocytic cells but no follicles. 

One of the cases reviewed by McGavic 
had been reported by Perera,* who describes 
a lesion localized to the lacrimal gland with 
no enlarged nodes and showing no residuals 
or metastases four and one-half years fol- 
lowing removal of the tumor and external 
radiation. 

It may be that giant follicular lymphoma 
occurs more frequently than these meager 
reports in the literature would seem to in- 
dicate but that cases are infrequently re- 
ferred to the ophthalmologist. It would seem, 
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therefore, of value to report the following 
case. 
REPORT OF A CASE 

History. A. B., a man, aged 69 years, came 
in on August 4, 1950, complaining of blurred 
vision in his right eye for “the past few 
days.” 

Vision was: R.E., 20/40, without correc- 
tion; L.E., 20/25, without correction. He 
had been wearing a +1.0D. sph., O.U. He 
appeared to have a ptosis of the right upper 
lid. Closer examination showed the right 
upper lid to bulge forward under the supra- 
orbital ridge. On everting the lid, a white, 
slightly translucent granular mass bulged 
into the outer half of the right upper fornix. 

Refraction showed: O.D., +0.5D. sph. 
=~ +4.75D. cyl. ax. 10° = 20/20; OS., 
+0.25D. sph. > +0.5D. cyl. ax. 180° = 
20/20. 

The high astigmatism of the right eye was 
due to the pressure of the mass from above 
across the cornea; the tilt of the axis off 
horizontal was due to the mass pressing from 
the outer portion rather than straight across 
the eye. 

The rest of the examination showed the 
eye to be essentially normal. It was felt that 
the mass had probably originated from the 
lacrimal gland although it might have come 
from the conjunctiva. 

On further investigation it was found 
that this patient had come to Dr. R. J. Neu- 
feld on May 4, 1950, with a complaint of 
“pain in the stomach.” He gave a history of 
having had pneumonia two years previously 
and since then had never felt well. He ap- 
peared anemic and showed multiple enlarged 
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lymph nodes and was extremely tender in 
the area of the stomach. 

Hemoglobin was 66 percent (10.30) ; the 
red blood count, 3,540,000; white blood 
count, 11,400 with eight percent lymphocytes, 
84 percent polymorphonuclears, three per- 
cent mononuclears, and four percent eosin- 
ophils. 

A biopsy of an inguinal node was done by 
Dr. Neufeld on May 4, 1950. The pathology 
report by Dr. W. S. Pheteplace showed a 
markedly enlarged, lobulated lymph node, 
measuring 4.5 by 3.0 by 2.0 cm. Section re- 
vealed homogenous gray margins of the cut 
surface. The center part was hemorrhagic. 
There was no gross evidence of necrosis. 

Microscopic examination showed a lymph 
node with excessively large follicles at the 
margin and, in some places, the central areas. 
These follicles compressed adjacent lymphoid 
tissue and markedly compressed the sinus- 
oidal tissue. The impression was of “giant 
follicular lymphoma.” 

Although it was thought advisable to take 
a biopsy from the mass above the right eye 
and then, if indicated, to treat this patient 
with nitrogen mustard, as had been done in 
Chambers” case, neither the patient nor his 
family could be convinced of the importance 
of these procedures. The patient died six 
months later. Autopsy was refused. 


SUMMARY 


A case of giant follicular lymphoma in- 
volving the eye, masquerading as a high 
astigmatism, is reported. The infrequent re- 
ports of this disease are discussed. 

1820 West Third Street. 
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PAPILLITIS DEVELOPING 
DURING CORTISONE THERAPY* 


Joun A. Cetner, M.D. 
Albany, New York 


The preliminary reports by Olson and 
others’ and Gordon and McLean? in 1950 
on the promising usefulness of ACTH in 
inflammatory diseases of the eye was fol- 
lowed by a widespread usé of this and other 
steroids by ophthalmologists. As experience 
with these drugs widens a fuller understand- 
ing of their effectiveness for certain condi- 
tions will evolve. Likewise, their ineffective- 
ness for other conditions will become 
established through clinical trial. 

Listed among the ocular diseases for 
which one of these steroids, cortone, is sug- 
gested by a Merck and Company brochure, 
is optic neuritis including retrobulbar neuri- 
tis. The purpose of this brief report is to 
bring attention to the fact that optic neuritis 
can occur during cortisone therapy for an- 
other condition. This fact may throw some 
doubt on the usefulness of cortisone in treat- 
ing papillitis. 


REPORT OF A CASE 


A 70-year-old spinster had always enjoyed 
good health until she returned from a Eu- 
ropean trip a year ago when she developed 
rheumatoid arthritis. She was hospitalized 
and showed a gratifying response to cortisone 
with remission of her signs and symptoms. 

Two months later there was a relapse and 
she was again hospitalized and treated with 
cortisone. This time the remission of her 
symptoms took longer but eventually the 
clinical signs subsided. The drug being 
scarce, it was not possible to place her on a 
maintenance dose. 

A second relapse followed a month later 
and once again she was treated with oral 
and parenteral cortisone. It was during this 
relapse that her ocular condition developed. 


*From the Department of Ophthalmology, Al- 
bany Medical College. 
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Past ocular history revealed no previous 
disease. Except for presbyopia, she had no 
visual difficulties. 

The present ocular symptoms developed 
during the fourth week of the second re- 
lapse already referred to, and while she was 
receiving 100 mg. of cortisone daily by 
mouth. Her first complaint was pain in the 
left supraorbital area accompanied by blur- 
ring of vision in the left eye. The blurring 
progressed very rapidly to total blindness 
within 48 hours. She was seen at this time. 

Examination of the left eye revealed a 
pupil in mid-dilation with no response to 
direct light or consensually. Excursions of 
the eye caused retrobulbar pain in the left 
eye. There was doubtful light perception. 
The fundus revealed a papilledema of not 
more than one diopter with disc margins 
completely obliterated. 

The disc had a watery opaque appearance 
indicating a considerable serous exudation 
into the nervehead. There were no hemor- 
rhages. The veins were overfilled. Since the 
surrounding retina also showed a consider- 
able edema, the term neuroretinitis could be 
applied here. 

Salicylates, local heat, and atropine were 
ordered. Foreign-protein was withheld be- 
cause the patient was already taking cortisone 
which was thought to provoke a similar kind 
of defense reaction. The right eye on the 
first visit was normal in all respects and an 
uncorrected vision of 20/30 was recorded 
for it. 

Four days later the patient reported 
marked blurring in the other or right eye 
without associated supraorbital pain. Ex- 
amination revealed the pupil in mid-dilation 
with very sluggish response to direct light. 
She stated that when looking at a person she 
could not see the upper half of the body. 
Confrontation test showed the entire upper 
field gone. 

The fundus of the right eye revealed the 
upper half of the disc to be hyperemic with 
mild blurring of the disc margin; whereas, 
the lower half of the disc showed the same 
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kind of watery opaque edema with com- 
pletely obliterated disc margins and an ex- 
tension of the edema to the adjacent retina. 
The veins were overfilled. There were no 
hemorrhages. 

The left eye was unchanged from its ap- 
pearance on the first visit. A diagnosis of 
bilateral papillitis was made, cortisone was 
stopped, and the patient admitted to the hos- 
pital. 

The patient was hospitalized for 10 days. 
A complete medical survey was done which 
included dental, skull, and chest X-ray 
studies, blood chemistry, brucellosis, Man- 
toux, spinal fluid, and blood smears. None 
of these yielded any positive information. 
The sedimentation rate was high. 

She received typhoid-H antigen intra- 
venously, vitamin-B parenterally, nicotinic 
acid, and aureomycin. In spite of every ef- 
fort the optic discs gradually developed a 
yellowish pallor and bilateral optic atrophy 
became established with resulting total blind- 
ness. The arthritis continued in a chronic 
mild form. 


SUMMARY AND COMMENT 


Experience with this case appears to 


INSTRUMENTS 


throw some doubt on the value of cortisone 
in the treatment of inflammatory conditions 
of the optic nerves. The patient was receiv- 
ing the recommended dosage of cortisone 
for her arthritis, nevertheless a severe bi- 
lateral neuroretinitis developed. 

If the drug has any prophylactic merit, the 
papillitis should not have occurred. If it has 
curative value one would have expected some 
recovery of vision. 

Definite conclusions cannot be drawn from 
experience with one case ; however, since we 
are confronted with a new therapeutic agent, 
useful information concerning it can only be 
accumulated through reporting isolated cases 
such as this. 


CONCLUSIONS 


1. Bilateral papillitis occurring during 
cortisone therapy for rheumatoid arthritis 
is reported. 


2. The etiology of the papillitis was not * 


established. 

3. Doubt is expressed as to the value of 
cortisone in the treatment of inflammatory 
conditions of the optic nerves. 


365 State Street. 
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OPHTHALMIC MINIATURE 


M. Cavallo records a case of a very obstinate ophthalmia cured by 
electrization. Many instances have occurred in my own practice, some 
of which appeared to proceed from a gouty disposition, in which the 
proper application of Electricity has operated a complete cure. 

Francis Loundes, Medical Electrician, 
Observations on Medical Electricity, 
Printed by S. Stuart, London, 1787. 
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Given a completely white and quiet glau- 
comatous eye, with an adequate filtering bleb, 
which has developed hypotony after iriden- 
cleisis, would you consider methods of in- 
creasing intraocular pressure? 

Dr. Frey replied that, if he is required to 
answer yes or no to this question, he would 
answer no. After 28 years of hospital and 
private practice, he has never yet seen a case, 
after a filtering operation for glaucoma, in 
which subnormal tension was a problem. In- 
stillation of atropine may give rise to tem- 
porary increase in tension in such a case, but 
he would be inclined to look for a fistula. If 
it can be demonstrated that the aqueous is 
constantly leaking, it is sometimes possible 
to close the hole by the application of silver 
nitrate, other caustics, or the various electri- 
cal modalities. A conjunctival flap is rarely 
required. 

Discussion. Both Dr. Thorpe and Dr. 
Hughes agreed with Dr. Frey that no treat- 
ment should be undertaken unless there is a 
fistula. 

Dr. Reese said that he felt that hypotony 
was not dangerous, and that he had never 
seen it as the result of an iridencleisis; a 
trephination was more apt to cause it. 


During an attempted intracapsular cata- 
ract extraction, the capsule of the lens rup- 
tures. How would you then proceed? 

Dr. HuGues answered that a capsule for- 
ceps causes a rupture more easily than an 
erisophake. In case of rupture, express the 
nucleus and wash out the remains of the ma- 
ture lens. If the lens is immature, pick out 
the edge of the torn capsule and extract the 
lens. If the lens is ruptured, continue the 
operation as an extracapsular extraction. 
After the zonular ligament is ruptured, it is 
difficult to express the lens because of the 
vitreous prolapse. If there is a frank vitre- 
ous loss, do the operation as a loop extrac- 
tion. If the capsule ruptures at the last mo- 
ment of extraction, continue the extraction. 

Discussion. Dr. Gartner asked: If one 
starts with a round pupil extraction and the 
capsule of the lens ruptures, what should 
one do then? 

Dr. Hughes replied that the answer would 
depend on the maturity of the lens. If the 
lens is mature, an iridectomy is not neces- 
sary. In the case of a soft lens, Dr. Hughes 
suggested doing an iridectomy. 

Dr. Frey asked whether Dr. Hughes used 
a fluorescent lamp to identify the lens mat- 
ter. Dr. Hughes answered that the fluores- 
cent lamp would identify soft lens matter ; 
the capsule is only slightly fluorescent. 

Dr. Thorpe said that it is important that 
your instruments have no burrs, and that 
their edges meet exactly. He suggested the 
use of emery paper to refinish the capsule 
forceps. 

Dr. Reese emphasized the importance of 
analyzing why the capsule breaks, so that it 
can be prevented the next time. 

Dr. Hughes said that, if the capsule breaks 
at the last moment, it is good to grasp it at 
the equator and¢wheel it out, so that the op- 
eration ends as an intracapsular operation. 
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How do you treat herniation of the hyaloid 
membrane into the anterior chamber follow- 
ing uncomplicated intracapsular cataract ex- 
traction? 

Dr. Reese said that we must recognize 
that the hyaloid is against the posterior sur- 
face of the cornea. Herniation occurs in un- 
complicated cases too. There is wrinkling of 
Descemet’s membrane and cloudiness of the 
cornea ; the eye remains red. It is usually in 
the center of the coloboma. Many cases show 
spontaneous regression with no therapy. If a 
round pupil is present, Dr. Reese suggested 
the use of miotics and bedrest. If there is 
coloboma, no miotics should be used. Pro- 
lapse of the iris can result from herniation. 
The only way to treat a herniation of the 
hyaloid, which occurs 12 or more days post- 
operatively, is to do a posterior sclerectomy 
six mm. from the limbus, and then inject air 
into the anterior chamber. 

Dr. Reese stressed that, in handling com- 
plications, it is important to meet the emer- 
gency without hesitation or temporizing. He 
mentioned two related conditions: (1) Hya- 
loid which touches the cornea and then 
recedes ; (2) spontaneous rupture of the hya- 
loid, which may occur later after the opera- 
tion and may lead to temporary reduction in 
vision and redness of the eye. 

Discussion. Dr. Hughes suggested sweep- 
ing across the anterior chamber with a long 
curved iris spatula, then injecting air. This is 
done to separate the vitreous from the cornea. 

Dr. Gartner asked Dr. Reese whether he 
had any concern of detaching the retina when 
doing a posterior sclerectomy. Dr. Reese re- 
plied that one should enter anterior to the 
ora serrata. Then to Dr. Gartner’s question 
if herniation can cause retinal detachment, 
Dr. Reese replied that it cannot. 


What is your procedure in the case of a 
highly myopic patient who has had a cataract 
extraction and later develops a detachment 
of the retina? 

Dr. THorre said that he plots all the pos- 


sible tears. He examines the periphery by 
indirect ophthalmoscopy and determines the 
state of the vitreous. He determines if the 
vitreous drags on the retina, places the patient 
in bed, and waits to see if the retina reat- 
taches. If it does not, he said he does a 
sclerectomy, two to four mm. in width, 180 
degrees or complete. The sclerectomy is com- 
bined with a diathermy harrage, using micro- 
pins. Dr. Thorpe said that he does not use the 
LaCarrera technique because it makes holes. 
Otherwise, the treatment is the same. In the 
myope the retina is usually too short for the 
globe. 


How would you manage vitreous loss at a 
cataract extraction occurring: (1) Before ex- 
traction of the lens; (2) during extraction 
of the lens; (3) after extraction of the lens? 

Dr. Frey said that, in every case of cata- 
ract extraction, vitreous loss must be antici- 
pated, and it is to minimize this danger that 
we employ preoperative sedation and the 
various methods of local anesthesia, includ- 
ing retrobulbar injection, and preplaced su- 
tures. These things are routine. But in those 
cases in which vitreous loss is especially to 
be apprehended—dislocated lenses, fluid vit- 
reous, high myopia, unruly patients—we may 
take special precautions. 

Foremost among these precautions are 
general anesthesia, external canthotomy, and 
lid retraction by traction rather than with 
the speculum. Dr. Frey said that he had not 
personally used curare, but he thought it 
might be useful in such cases. The addi- 
tion of hyaluronidase, 25 units, to the retro- 
bulbar injection five minutes before making 
the section induces hypotony and minimizes 
vitreous loss. 

The operation itself should be completed 
as speedily as possible, employing a loop, if 
necessary, and avoiding undue pressure 
either on the lens or on the globe in the 
course of the manipulation. After delivery 
of the lens, the preplaced sutures should be 
tied speedily and it may be advantageous to 
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introduce an air bubble into the anterior 
chamber. Dr. Frey said that he frequently 
sutures the lids. 

Dr. Frey said that it had never been his 
experience that these cases require excision 
of prolapsed vitreous with scissors, nor had 
he found it necessary to employ any post- 
operative precautions other than those in a 
usual case. On the other hand, he does not 
allow even his best patients to walk back 
from the operating room nor does he operate 
on them in the office. 


How would you treat failure of the ante- 
rior chamber to reform after: (1) Cataract 
extraction; (2) a filtering operation for glau- 
coma? 

Dr. HuGHEs answered : 

1. If, at the end of one week, the anterior 
chamber did not reform, he would dilate the 
pupil maximally with atropine, cocaine, and 
neosynephrine, three drops of each daily 
for three to four days. Frequently the ante- 
rior chamber reforms at the end of the first 
day of this treatment. He suggested that one 
should check for leakage. Dr. Hughes also 
suggested the application of silver nitrate 
(10 percent) to the wound, lightly applied 
for 20 to 30 seconds. At the end of two 
weeks, if the anterior chamber is not re- 
formed, he suggested injecting air into the 
anterior chamber. 

2. Dr. Hughes said that much the same 
treatment is used when necessary after a 
glaucoma operation, except the air is injected 
at the end of 12 to 14 days, if the anterior 
chamber does not reform. 

Discussion. Dr. Gartner asked about the 
fluorescein test for gaping wounds. Dr. 
Hughes answered that fluorescein was very 
useful when put on a wound to detect leak- 
age. 
Dr. Thorpe said that formation of poste- 
rior synechias will sometimes prevent the an- 
terior chamber from reforming. In such 
cases it may be necessary to do an iridectomy. 

Dr. Reese said that Dr. Dunnington em- 


phasized leakage and adequate suturing. He 
also said that he would not wait for two 
weeks for the anterior chamber to reform. 


What is the treatment for hemorrhage in 
the anterior chamber after iridencleisis oc- 
curring: (1) Immediately after operation; 

2) three days or more after operation? 

Dr. Reese said that hemorrhage in the 
anterior chamber absorbs very slowly, even 
if the tension is normal ; however, if the ten- 
sion is elevated, the absorption is still slower. 

1. Hemorrhage immediately after opera- 
tion, if small, has no significance. If there is 
a large amount of hemorrhage, it may be due 
to the fact that the major arterial circle is in 
the periphery of the iris instead of the ciliary 
body. Attempts to remove the blood at the 
time of the operation are usually unsuccess- 
ful. Too rapid decompression of the eye 
causes hemorrhage, plus sclerosis of the ves- 
sels ; whereas, slow decompression of the eye 
will tend to prevent hemorrhage. 

2. Hemorrhage three or more days after 
iridencleisis can be spontaneous, traumatic, 
or the result of massage. Hemorrhage in- 
creases the pressure and causes blood stain- 
ing of the cornea. It clears in the periphery, 
but not in the center. Dr. Reese said that if 
hemorrhage is present for one to two weeks 
and if the tension is up, one should make a 
section and irrigate out the blood. 

Discussion. Dr. Thorpe said that hemor- 
rhage results from an atrophic glaucoma- 
tous iris. He said that, during the operation, 
he instills thrombin and adrenalin (one per- 
cent) into the anterior chamber, this reduces 
the amount of the hemorrhage on the operat- 
ing table. In hemorrhage after the operation, 
he said he uses autohemotherapy (5.0 to 
10 cc.) or, if hemorrhage persists or recurs, 
he may even give a blood transfusion. 

Dr. Hughes agreed that thrombin is very 
helpful and said that the use of adrenalin 
in the anterior chamber was very good. 

Dr. Gartner asked how Dr. Reese used the 
thrombin. Dr. Reese replied that he diluted 
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the thrombin (500-unit ampule) with 20 cc. 
saline and instilled it with the anterior- 
chamber irrigator. 


What is the management of postoperative 
iris prolapse: (1) Which occurs in the first 
few days after operation; (2) which occurs 
several weeks after operation? 

Dr. THorpe said that if the prolapse is not 
covered with a conjunctival flap, he would 
suggest an early excision of the prolapse. If 
the prolapse is covered with conjunctiva, Dr. 
Thorpe said he would suggest the use of 
pilocarpine and eserine for 48 hours. If the 
iris is pulled back, Dr. Thorpe suggested su- 
turing of the wound; if the iris is not pulled 
back, he suggested that the conjunctival punc- 
ture be dissected at the root. Dr. Thorpe re- 
ported poor results with trichloracetic acid 
and he has, therefore, been using diathermy. 
In cases of late iris prolapse, Dr. Thorpe 
said that he dissects the conjunctival flap and 
frees the iris from the bed. 

Discussion. Dr. Frey said that in dissect- 
ing the conjunctiva down, it is difficult but 
important to free the iris. He asked Dr. 
Thorpe whether he used nonperforating 
cautery. Dr. Thorpe replied that he used 
actual cautery and usually got a red eye. 

Dr. Gartner asked if there was any danger 
in leaving a small proplaspe alone. Dr. 
Thorpe replied that there was no danger so 
long as the prolapse was not of the balloon 
type. 

Dr. Gartner then asked why a prolapse is 
considered so bad when it follows a cata- 
ract operation, but not after an iridencleisis. 
Dr. Thorpe replied that a prolapse after a 
cataract extraction is considered serious be- 
cause of the danger of glaucoma. Secondly, 
it is dangerous because leaving the iris in the 
wound may cause sympathetic ophthalmia, 
and, thirdly, a prolapse after a cataract opera- 
tion produces astigmatism. 

Dr. Reese said that it is not the fact that 
the iris is in the wound that is so danger- 
ous, but how it is in the wound. After a 
cataract operation it is knuckled, but after 


an iridencleisis it acts as a wick. 


If @ patient on the operating table becomes 
unruly and difficult to manage just before the 
operation, how would you proceed? 

Dr. Frey said that, if the operation is an 
elective one, it should be deferred. Investi- 
gation may reveal that the preoperative medi- 
cation has had a stimulating effect rather 
than a sedative effect. At the next attempt, 
another medication can be used. Possibly 
more to the point would be to consider gen- 
eral anesthesia in such a case. 

If the surgery is necessary (acute glau- 
coma), it may be advisable to use intrave- 
nous general anesthesia then and there. In 
certain cases when the surgeon is convinced 
that the lack of self-control on the part of 
the patient is truly an unnecessary display, 
and the surgery is such that this restlessness 
will not interfere with the end result (mus- 
cle operation, cyclodiathermy (and so forth) 
it may be permissible to employ “vocal anes- 
thesia.” As practiced in Vienna, it may con- 
sist of a clip on the ear and a “Halt’s maul.” 
Or the surgeon may proceed quite regardless 
of the demonstration if he is convinced that 
the anesthesia is adequate. 


What is the treatment of postoperative 
intraocular infection, for example, in irido- 
cyclitis, endophthalmitis, corneal abscess? 

Dr. HucGues replied that he uses 50,000 
units of penicillin subconjunctivally in all 
intraocular operations. He maintained that 
an intramuscular injection of penicillin is of 
no value. 

In iridocyclitis due to too much atropine, 
he suggested a change to hyoscine. He also 
suggested use of foreign protein and corti- 
sone drops. 

In endophthalmitis, Dr. Hughes advised 
use of subconjunctival injections of penicillin 
daily, or intravitreal injections of penicillin, 
or pencillin by iontophoresis. 

For abscess of the cornea, Dr. Hughes 
suggested the same treatment as for en- 
dophthalmitis. 

Discussion. Dr. Thorpe said that in en- 
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dophthalmitis he uses intramuscular injec- 
tions of ACTH. Prior to this, however, he 
does a Thorn test to determine if the patient 
reacts to ACTH. In traumatic cases with in- 
fection, he said that he uses ACTH in addi- 
tion to antibiotics. 

Dr. Frey discussed the use of the thermo- 
phore in corneal abscesses. 


What is the management of an eye with 
epithelial downgrowth into the anterior 
chamber after cataract extraction? 

Dr. Reese replied that there are two ways 
that epithelial downgrowth may occur: 

1. As a localized cyst caused by implanta- 
tion of epithelium at the operation. These 
cysts are treated by local excision, by injec- 
tion of a little diluted iodine into the cyst, or 
by X-ray therapy. 

2. As downgrowth, which may be pre- 
vented by adequate toilet of the wound and 
eversion of the conjunctival edges. Diagno- 
sis of this condition is difficult since many 
other conditions simulate it. Vascularization 
of the cornea is a feature of this condition. 
Therapy is usually X-ray irradiation, and 
Dr. Reese reported that out of 24 cases he 
had seen, about 50 percent were treated suc- 
cessfully with X rays. 

Discussion. Dr. Hughes said that the type 
of suture which pulls on the conjunctiva will 
cause epithelial cysts. The type of suture 
which pulls on the edges of the wound tends 
to fold in epithelium and may produce cysts 
or epithelization of the anterior chamber. 

Dr. Frey asked Dr. Reese why the X-ray 
irradiation which destroys the downgrowth 
does not destroy the surface epithelium. Dr. 
Reese replied that the young epithelium is 
more sensitive to the X rays. 


How do you manage a case of detachment 
of the retina when, after operation for any 
reason, as psychosis, cardiac decompensation 
or asthmatic attack, it becomes necessary for 
the patient to sit up? Does this necessarily 
seriously endanger the success of the opera- 
tion? 


Dr. THorre replied that he permits his 
patients to sit up in cases of cardiac de- 
compensation. In psychosis, he said, the eyes 
will continue, after closure of both eyes, to 
roll, and he therefore suggested the use of 
pinhole glasses in such a case. He said that 
he had had no experience with asthmatics 
in this situation. 

Discussion. Dr. Reese said that, in time, 
we will allow all cases of detachment up 
earlier, perhaps four to five days postopera- 
tively. Dr. Frey suggested 24 hours as a 
likely period. Dr. Thorpe said that an ideal 
patient should be allowed up in two weeks. 
Dr. Reese said that he considers 10 days to 
be sufficient. 


After cataract extraction, the iris is drawn 
up into the wound and the pupil gradually 
becomes smaller and smaller, due either to 
iritis or prolapse: How would you go about 
enlarging the pupil? 

Dr. Frey said that this is a case, above all 
others, for the employment of the Wheeler 
knife with discission entirely through the 
iris. Usually the area at the limbus above, 
where the knife is introduced, is already gray 
from the previous surgery, and the opening 
in the iris and in the pupillary membrane is 
behind clear cornea. Vitreous generally pro- 
lapses into the anterior chamber and keeps. 
the iris wound open. If a fine secondary. 
membrane forms in the opening, it can be 
dealt with later with a Ziegler discission. « 

Other methods of procedure are keratome. 
incision and the use of the De Wecker scis- 
sors, or a punch. If a punch is used, the 
surgeon must be sure that the piece of the 
membrane has been completely excised; if 
the instrument is not very sharp, a few un- 
cut fibers may result in avulsion of the iris 
upon withdrawal of the punch. 

For any of these procedures it is wise to 
have the eye previously ischemic through 
the instillation of strong neosynephrine to 
prevent bleeding and clot organization in the 


pupillary opening. 
How would you manage the following 
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complications of corneal transplant opera- 
tions: (1) Swelling and expulsion of the cor- 
neal graft; (2) Tilting of the corneal graft? 

Dr. Hucues replied that swelling of the 
corneal graft is not uncommon. He suggested 
in most cases leaving the eye alone and, if 
the swelling is marked, he mentioned the use 
of cortisone drops after five to six days. 

As regards expulsion of the graft, Dr. 
Hughes said that about 10 days postopera- 
tively, providing there is no infection, he 
usually performs a regraft and makes a con- 
junctival flap over the cornea. If iris is pres- 
ent, he excises it. 

In cases of tilting of the corneal graft, Dr. 
Hughes said that it should be left alone, and 
it will usually flatten out itself. He also sug- 
gested the use of cortisone drops for 10 to 
12 days postoperatively. 

Discussion. Dr. Gartner asked about the 
frequency of corneal transplant operations to 
which Dr. Hughes replied that at the New 
York Eye and Ear Infirmary about 25 to 30 
cases are done each year. 


How would you proceed with a glaucoma 
operation if the lens capsule is accidentally 
perforated during the course of the surgery? 

Dr. Reese replied that, if the perforation 
is appreciated at the time it occurs during 
the course of the operation, he would pro- 
ceed immediately with the extraction of the 
lens. He said he would enlarge the incision 
with scissors, perform an iridectomy, and 
extract the lens. 

Sutures should be applied at each edge of 
the original glaucoma incision according to 
the method described by Perera. At the com- 
pletion of the operation try to leave a pillar 
of the iris in the wound on one side or both 
sides thus producing an iridencleisis. 

If the perforation of the lens capsule is 
recognized later during the postoperative 
convalescence, Dr. Reese said he would pro- 
ceed immediately with the extraction. 


How soon is reoperation indicated, and 
what type of procedure offers the best prog- 
nosis when there is a rise in ocular tension 


SOCIETY PROCEEDINGS 


after iridencleisis occurring: (1) Soon after 
the original operation; (2) several weeks 
after the original operation? 

Dr. Torre said that in narrow-angle 
glaucoma, the rise in tension is sometimes 
the result of an intumescent lens and some- 
times is caused by edema of the vitreous. He 
suggested the use of ACTH intramuscularly. 
However, in cases of frank glaucoma, he 
suggested doing a peripheral iridectomy to 
one side of the iridencleisis. He said he 
would reopen the wound, enlarge it, and do 
a sclerectomy. In the wide-angle type, Dr. 
Thorpe said he usually does a trephination. 

In cases in which the rise in tension oc- 
curs several weeks postoperatively, Dr. 


Thorpe suggested similar measures to those 
mentioned for narrow-angle glaucoma—pe- 
ripheral iridectomy and _ iridencleisis with 
sclerectomy. In wide-angle glaucoma, he sug- 
gested a cyclodiathermy or electrolysis. 


What is the method of choice for removal 
of a mature cataract which has developed 
after a filtering operation for glaucoma? 

Dr. Frey said that, although most sur- 
geons are very apprehensive about these 
cases, they are really quite easy to deal with. 
A small corneal section should be made in 
front of the filtering bleb, with either a pre- 
placed corneal suture or with immediately 
placed edge-to-edge appositional sutures, 
and the small incision is then enlarged with 
scissors. 

It is imperative that the lens be removed 
within the capsule. Loss of a small amount 
of vitreous is of little consequence compared 
with the dangers of retaining any cortical 
matter. Fortunately, these lenses are easily 
removed in the capsule, even when there are 
adhesions of the iris to the anterior lens 
capsule. Such adhesions should be separated 
with a spatula and the lens should then be 
removed with pressure and traction, or even 
with the loop. 

Many of these lenses are slightly sub- 
luxated, perhaps because of the previous 
glaucoma surgery, and this may be one of 
the reasons why the cataract developed so 
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rapidly. Dr. Frey said it has been his experi- 
ence that the tension remains down in these 
cases after extraction of the cataract with- 
out use of miotics, where previously miotics 
may have been required. 


What is the treatment for a socket from 
which an orbital implant has been extruded 
or from which it has become necessary to re- 
move an orbital implant? 

Dr. HuGues said that in such cases one 
should then use a buried implant, since the 
integrated implant has already given trouble. 
He also stated that he no longer uses a vital- 
lium implant ; he now prefers the plastic im- 
plants. 
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ducing the intraocular pressure as much as 
possible. At the time of the operation, he 
would try to decompress the anterior cham- 
ber slowly. If hemorrhage occurred, it should 
be treated the same way as any postoperative 
hemorrhage. 


Discuss the management of glaucoma after 
a cataract extraction. 

Dr. THorre said that he used a cyclodial- 
ysis operation for glaucoma following a 
cataract extraction. He also uses cortone 
drops locally. If the increase in tension is 
due to a round pupil, he suggested the use of 
neosynephrine and homatropine. In some 
cases, he said, he transfixes the iris and per- 


forms a partial or complete iridectomy. In 
such cases it is important to look for intra- 
ocular tumors. 

Discussion. Dr. Hughes said that cyclo- 
electrolysis is valuable in such cases. 


In a diabetic is the complication of hy- 
phema and vitreous hemorrhage after a filter- 
ing operation preventable? If not, how would 
one treat it? 

Dr. Reese replied that, at the time of 
operation, he would inject a large amount of 
novocaine retrobulbarly with the idea of re- 


Bernard Kronenberg, 
Recording Secretary. 


OPHTHALMIC MINIATURE 
Medicinal Powders made from Precious Stones 
In the name of Christ take some pearls and reduce them to fine powder 
in a brass mortar. This preparation is valuable in faint nebulae in front 
of the pupil that appear like a translucent cloud in a clear sky. The fol- 
lowing remedy is also useful for the same trouble: Take some rock 
crystal and reduce it to powder, as just described. Another: Take the 
stone called jasper and reduce it to a fine powder. It is efficacious if the 
eye becomes red and engorged with blood, since it relieves it and any 
other form of blood-red pannus. Another remedy for the same ailment 
is red coral reduced to a very fine powder. It will expel the excessive 
blood and clarify the vision. Another prescription: Reduce sapphire to 
a fine powder. In this condition it is of great value in nebulae, because 
it not only removes the cloudy deposit but also opens the vitreous, con- 
tracts the pupil, and clarifies the whole eye. You will find the result very 
satisfactory. Again, take some of the stone called amadine, powder it, 
and apply it to the eye for nebulae. Take jacinth, jasper, and talc ; powder 
and mix them thoroughly. Dusted into the eye, they will corrode pannus, 
clarify the eye, and refresh the visual spirit. In the same way, prepare 
betellus, to be used in precisely the same manner as the previous prepara- 
tions. It will be found to act like them. 

Benevenutus Grassus of Jerusalem, 

De Oculis Eorumque Egritudinibus et Curis, 

Translated by Casey A. Wood, 1929. 
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THE RESIDENCY TRAINING SYSTEM AND MEDICAL 
INSURANCE PROGRAMS 


The residency system in the teaching and _ practicing physicians and is provided by spe- 
special hospitals is the core and backbone of cial or refresher courses, medical society 
graduate medical training. Graduate medical meetings, and the like. 
training must be sharply differentiated from In the modern residency system the new 
postgraduate training. Graduate training is graduate in medicine begins his service as 
the instruction and training given the young intern or house-officer and under the guid- 
physician immediately after graduation when ance of his chief-of-service and seniors 
he serves as a resident member of a hospital gradually learns the applied technique of his 
staff—as intern, assistant resident, resident, chosen specialty. Didactic instruction in the 
or as an extern or fellow. Postgraduate edu- so-called basic sciences is only a supplement 
cation may be defined as the instruction given to the all-important clinical training. As he 
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becomes proficient in his clinical specialty, 
he passes through the various grades of as- 
sistant resident and finally reaches the grade 
of resident, where under his chief and 
seniors he has direct responsibility for the 
care of patients. In surgery and the surgical 
specialities he obtains his surgical training 
first by assisting in operations, and later as 
he becomes proficient, himself operating on 
patients. While he may act as assistant to the 
visiting staff on their private and semiprivate 
patients, his own operative training is de- 
rived usually from patients in the public- 
ward service of the hospital. 

The residency system in surgery was in- 
troduced in America by the late William 
Stewart Halsted and gradually supplanted 
the old apprentice or preceptorship method 
of graduate training. In 1901, the residency 
service in The Johns Hopkins Hospital was 
the only fully developed such service in sur- 
gery. In 1941, there were 30 residencies pat- 
terned after it. In 1951, there were 130 such 
services in surgery in the (civilian) hospitals 
of the United States. The same trend toward 
the residency system has taken place in the 
special ophthalmic hospitals and in the de- 
partments of ophthalmology in the univer- 
sity teaching hospitals. The old preceptorship 
system has gradually disappeared until now 
only vestiges of it remain. The residency sys- 
tem has been extended until it now generally 
covers a minimum period of three to five 
years. 

In order for any residency system to func- 
tion properly there must be a steady flow of 
public ward patients to provide the mate- 
rial for training. The ward population in the 
present American teaching or special hos- 
pital stems from three main sources: (a) 
From indigent patients who come of their 
own volition to the out-patient department to 
seek medical aid. This is the chief source of 
supply. (b) From patients in the lower-in- 
come brackets who are referred by their own 
personal physicians. (c) From patients with 
difficult diagnostic or therapeutic problems 
who come to the teaching or special hospital 


because of its unusual facilities, and the 
superior care afforded. 

It is undeniable that the average ward pa- 
tient in a properly conducted teaching or spe- 
cial hospital, by and large, receives the best 
of professional care. The chief of clinic and 
his associates are men selected and chosen on 
account of their clinical ability and scientific 
distinction. The resident and senior assist- 
ant-residents are all men who have had sev- 
eral years’ training with the major problems 
of their specialty. The resident staff has at 
hand the best of modern diagnostic and 
therapeutic equipment. Through constant 
practice they have become skilled technical 
surgeons. The resident surgeon or senior 
resident ophthalmologist, with his daily op- 
erative schedule, is undoubtedly at the peak 
of his skill as a technical surgeon, and is 
usually technically superior to the older, 
visiting surgeon who operates much less fre- 
quently. The resident staff has available un- 
limited consultation service. Thus, in super- 
vision and direct care, the ward patients have 
every advantage and facility available to the 
private or semiprivate patient, regardless of 
what professional fee he may pay. Indeed, if 
the private physician or specialist does not 
have the privilege of admitting his patients to 
the teaching or special hospitals, the average 
ward patient in such hospitals probably re- 
ceives better medical care than the private 
patient elsewhere. And yet the integrity of 
the residency system, vital for the training 
of the surgeon and specialist of tomorrow, 
and beneficial to the patient, is threatened 
and endangered by the social changes of to- 
day, by the changes in the pattern of medical 
practice, and especially by the insurance pro- 
grams. 

The growth of the Blue Cross and Blue 
Shield, the medical care of veterans and 
their dependents, the group medical insur- 
ance plans of large industrial corporations 
and unions, all the various forms of volun- 
tary medical care insurance, and the specter 
of compulsory medical insurance, all carry 
with them a threat to the residency system. 
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Whether one approves or disapproves of 
voluntary or compulsory medical care insur- 
ance is not the question—all have the com- 
mon denominator of providing a fee-for- 
service for the group of patients, a great 
number of whom were formerly ward pa- 
tients and on whose care our residency sys- 
tem is based. 

Blue Cross insurance pays to the hospital 
the full cost of semi-private care. A patient 
who heretofore had paid his way in the 
public ward is thus automatically relieved of 
all usual hospital bills and with the present 
high employment and high wages, he is now 
more than ever prepared to pay the charges 
of a private or personal physician. Thus he 
is immediately removed from the ward serv- 
ice. The Blve Shield and various other 
plans of voluntary insurance go further and 
pay a guaranteed fee-for-service to the pri- 
vate and personal physician. Thus the ward 
population is rapidly being reduced to those 
in the lowest income bracket, the unem- 
ployed, and those unable to afford the luxury 
of either Blue Cross or Blue Shield insur- 
ance. 

The veterans hospitals, already providing 
medical care for a large segment of our pop- 
ulation, still further divert patients from the 
public wards. 

The insurance plans of large corporations 
and unions do likewise. Many of our ward 
patients of yesterday are our semiprivate 
patients of today. Although this movement 
may be, and probably is, quite commendable 
from the sociologic point of view, it is doubt- 
fully beneficial to the patient, and, as the 
facilities for training surgeons and specialists 
are further curtailed, will damage the resi- 
dency system graduate training, will result 
in poorly trained doctors graduating from 
the hospitals, and will ultimately militate 
against good medical care for the patient. 

Dangerous as this shift of ward population 
to the semiprivate class may be to graduate 
education, it is not unwelcome by hospital 
managements. The hospitals today are sick. 
Confronted by the rapidly mounting cost of 
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medical care, by payrolls mounting each day 
and the scale yet lagging behind that of in- 
dustry, by increased charges for everything 
they buy, the hospitals have steadily in- 
creased their charges to patients until they 
are now threatened by the law of diminish- 
ing returns. Small wonder they are happy to 
transfer ward beds, which even with state- 
aid pay only a fraction of their cost, over to 
the category of semiprivate beds where costs 
are met by some insurance plan. Their en- 
dowments have not increased. Private philan- 
thropy is drying up under the taxation load. 
Deficits have reached frightening figures. It 
is a fight for survival. Regretful as it may be, 
the ward service in the teaching hospitals is 
being curtailed more and more. 

As insurance plans grow in breadth and 
scope, the ward population threatens to be 
limited to (a) those in the lowest economic 
status, supported partially by state and civic 
aid, (b) the few patients referred by con- 
scientious physicians who abrogate their fee- 
for-service that their patients may obtain 
better care, and (c) the very few patients 
who eschew a private doctor in order to avail 
themselves of the facilities and after-care 
offered by the ward service. Even an optimist 
can scarcely hope to keep the public wards 
full with the latter two classes and, with the 
increasing prosperity, the first class daily 
grows smaller. 

If the present trend for the transfer of 
ward to semiprivate beds continues, the ques- 
tion of whether the present residency system 
can be continued must be met. It obviously 
cannot be continued as it is at present if the 
public ward services grow smaller and ap- 
proach the vanishing point. Shall it be con- 
tinued on a smaller scale and an increasing 
number of our interns and assistant residents 
be transferred to the semiprivate services, 
there to serve as assistants to the visiting 
physicians, to gather up such crumbs of 
experience and responsibility as they may be 
able—a return to the old preceptoral system? 
Such a solution would not be a universally 
happy one, and the educator of today can 
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feel but sorrow for the surgeon and specialist 
of tomorrow. Is there any other solution‘ 

The importance of the problem has been 
widely recognized. The questions of the ad- 
mission of insured patients to the public 
ward services and the disposition of any fee- 
for-service paid have been subjects of con- 
sideration by committees of special surgical 
societies and some state medical societies. 
There appears to be a unanimity of opinion 
that the freedom of choice of the patient to 
enter either the public or semiprivate ward 
should not be interfered with for the mere 
reason that he holds hospital or medical 
care insurance. It has been suggested by one 
such committee that, when patients with hos- 
pital or medical care insurance apply to a 
hospital for admittance, they be informed of 
their freedom of choice, but that those pa- 
tients who previously had no private physi- 
cian, or who are unlikely to be able to employ 
a private physician for the postoperative care 
after their discharge from the hospital, be 
advised to elect the public ward service and 
treatment by the resident staff. 

This appears to be sound reasoning, and 
certainly is calculated to conserve to the prac- 
ticing physician the bulk of the more affluent 
insurance-covered patients. It would also be 
quite agreeable to the hospital management, 
even though any fee-for-service were segre- 
gated for some special purpose not connected 
with the support of the hospital. Would such 
a scheme, however, repopulate the ward beds 
and insure the continuity of the present resi- 
dency system? It seems quite improbable that 
it would. Such a system is already in prac- 
tice in many teaching hospitals manned by 
both full-time and part-time staffs. Immedi- 
ately the element of competition for the in- 
sured case complicates the picture with vary- 
ing degrees of embarrassment to the resi- 
dency training system. If the question is to 
be fully solved, a more frontal attack will 
probably be necessary. 

The one obvious solution is for the teach- 
ing and special hospitals with well-developed 
and established residency systems to con- 


tract with the insurance companies for the 
care of their clients. If the semiprivate status 
of the patients is to be maintained, then some 
public wards might be remodeled to provide 
more attractive facilities and the senior resi- 
dents taken out of white uniforms and pro- 
moted to the rank of associates.:The ward 
services would thus be somewhat camou- 
flaged, but nevertheless would remain essen- 
tially the ward services they now are. 

Such a straightforward acknowledgement 
of the situation and open-and-above-board 
contract would solve the problem, provided 
an educational campaign would make it ac- 
ceptable to the insured clients of the volun- 
tary insurance companies, to the corporations 
and unions with insurance plans, and to the 
medical profession. It would save the resi- 
dency system, continue to provide the best 
of care for the patients, solve the financial 
plight of the teaching and special hospitals, 
and quite probably permit lower insurance 
premiums for the patient. 

Such a program would appear to be put- 
ting these hospitals squarely in business. It 
would almost undoubtedly raise the cry of 
“unfair competition” from many practicing 
physicians, It would further rouse the ire of 
the radiologists and anesthesiologists who are 
already indignant at the presumption of hos- 
pitals encroaching on their fields of activity. 
It would appear to fly in the face of the Hess 
Committee report and the “Revised princi- 
ples of medical ethics” of the American Med- 
ical Association. Chapter III, Article VI, 
Section 6 of these “Revised principles” states 
that “A physician should not dispose of his 
professional attainments or services to any 
hospital, lay body, organization, group, or 
individual, by whatever name called or how- 
ever organized, under terms or conditions 
which permit exploitation of the services of 
the physician for the financial profit of the 
agency concerned.” 

If the teaching and special hospitals en- 
tered into contractural relations with insur- 
ance companies for the express purpose of 
salvaging their residency systems and con- 
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tinuing their present graduate training and 
programs, the cry of “unfair competition” 
would probably die a natural death. More 
serious would be the apparent conflict with 
the recently adopted Hess Committee report 
and the “Revised principles of ethics” of the 
A.M.A. It should, however, be noted that the 
pertinent clause contains the words “for the 
financial profit of the agency concerned.” 

If any fee-for-service collected by the hos- 
pitals were segregated in a special fund for 
medical research, or a fund for the further- 
ance of graduate medical training, or to pro- 
vide adequate remuneration for the now 
underpaid resident staffs, and thus did not 
accumulate for the financial profit of the hos- 
pitals, such an arrangement might meet both 
the letter and spirit of the “Revised princi- 
ples.” This might well be a matter for deci- 
sion by the Judicial Council of the A.M.A. 

The cry against hospitals going directly 
into the business of the practice of medicine 
is after all something of a red herring. One 
has only to glance at the charges made 
against patients for the services of hospital- 
employed anesthesiologists and radiologists, 
all of which usually are collected and retained 
by the hospitals. One has only to realize that 
fees collected for professional services ren- 
dered by a university full-time staff are as a 
rule used for the support of the department 
earning such fees. To a somewhat limited 
extent the hospitals and many university 
clinical departments are already in business. 
The question is simply one of degree. 

If this proposal should not prove feasible, 
then perhaps some more palatable substitute 
might be worked out. The essential thing is 
to realize that all insurance programs for 
medical care, be they voluntary or compul- 
sory, together with changing economic condi- 
tions, contain a threat to the integrity of our 
residency training programs. 

This threat is real and not fancied. In 
many parts of the country the attendance in 
the out-patient departments is on the wane. 
There are no longer long waiting lists for 
admittance to the public wards, and in many 
of our ophthalmic hospitals our public wards 


are only partially filled. At the same time the 
demand for semiprivate accommodations is 
growing by leaps and bounds. The semipri- 
vate beds are all filled and there is a long 
waiting list for admittance. 

The chiefs of clinics in ophthalmology are 
already scouring the high-roads and the 
hedges, the outlying private hospitals, and 
city- and state-supported institutions, for 
operative and clinical material for the train- 
ing of their resident staffs. If the present 
trend continues, and there is every indication 
that it will continue, unless some frontal and 
direct measures are taken, the integrity of 
our graduate residency training systems will 
be damaged and possibly destroyed. 


Alan C. Woods. 


WILLS EYE HOSPITAL 
FOURTH ANNUAL 
CLINICAL CONFERENCE 


Approximately 350 ophthalmologists at- 
tended the fourth annual clinical conference 
of the staff and ex-residents held at the Wills 
Eye Hospital, Philadelphia, on March 21 and 
22, 1952. 

Dr. L. Pellman Glover presented a paper 
on “Pheochromocytomas: Emphasis on eye 
symptoms, especially in children.” He de- 
scribed a case which was cured after removal 
of the tumor of the adrenal. 

An improved model of his muscle tucker 
was presented by Dr. William J. Harrison. 

Dr. Edmund B. Spaeth spoke on “The 
surgical aspects of defective abduction.” He 
recommended tendon transplant in the ac- 
quired type for functional improvement of 
the paralyzed muscle. 

Based on a survey of 150 cases, Dr. James 
S. Shipman, Dr. James H. Delaney, and Dr. 
R. H. Seely emphasized the anterior route 
for extraction of intraocular foreign bodies 
less than three mm. in size. Dr. Shipman 
stated that he relied more on the Sweet geo- 
metric method of localizing intraocular for- 
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eign bodies. The Berman locator had proved 
of little assistance to him. 

A symposium on “Wound closure” in- 
cluded a review by Dr. Howard F. Hill of 
types of incisions and sutures in cataract sur- 
gery. Dr. Wilfred E. Fry advocated the use 
of “track” sutures for a more secure closure 
to minimize complications, preferring silk to 
catgut sutures. Dr. I. S. Tassman described 
the use of plasma, thrombin, and hyaluronic 
acid as added safety factors for corneal 
wound closure and healing. Dr. Perce De- 
Long presented evidence and results in mi- 
croscopic sections of animal eyes, showing 
that fibroblastic proliferation occurs within 
48 hours. He also showed that in all treated 
eyes there was positive evidence that healing 
and repair of corneal wounds was stimulated 
and accelerated. 

Dr. Irving H. Leopold and Dr. Thomas G. 
Dickinson gave an interesting discussion on 
“Antihyaluronidase antistreptolysin titres in 
uveitis.” A search, they feel, for the anti- 
bodies developed by the body against sub- 
stances produced by the streptococcus organ- 
ism may help in the diagnosis of the basic 
cause of uveitis. 

A report of studies made with some of the 
newer drugs in the hospital’s research lab- 
oratory by Dr. Leopold and his associates 
revealed : 

1. Autonomic ganglion blocking agents, 
when administered parenterally—that is, by 
intramuscular or intravenous injection—will 
produce a lowering of intraocular pressure in 
normal eyes. This suggests, they feel, that 
these agents may be of value in the treatment 
of glaucoma. In their studies they have also 
shown that agents which are frequently used 
for the relief of patients with peptic ulcers 
may produce elevations of intraocular pres- 
sure, that is, these agents may precipitate 
glaucomatous attacks. It is possible they point 
out, by virtue of these studies, that several of 
these agents may be superior to ones which 
are presently available for refraction of the 
human eye. 


2. Dilute di-isopropyl 


fluorophosphate 
(DFP) seems to fulfill some of the require- 
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ments of the ideal miotic agent in that it re- 
quires fewer instillations than the commonly 
employed drugs and produces less variation 
and less fluctuation in the daily pressure 
curves. They have found urecholine to be a 
potent miotic agent. 't appears to be equally 
as effective in the control of mild chronic 
simple glaucoma as other agents available to 
date. 

3. There was no significant difference be- 
tween compound F and cortisone as an anti- 
inflammatory agent when tested experi- 
mentally. However, their clinical studies 
have shown that compound F may be 
more effective than cortisone in some types of 
ocular inflammations, particularly in severe 
vernal conjunctivitis, in cases of uveitis, and 
in other ocular inflammations such as epi- 
scleritis and phlyctenular disease. 

Staff doctors who assisted in these studies 
were: A. H. Keeney, C. R. Mullen, B. 
Gettes, C. Steinmetz, A. Cleveland, F. 
Frisch, J. Deichler, P. R. McDonald, R. 
Mulberger, and A. Vogel. 

Dr. Derrick Vail delivered the Arthur J. 
Bedell Lecture. His subject was “Zonule 
membrane and cataract expression.” His 
thorough covering of the subject from the 
embryologic and anatomic standpoint made 
the practical approach to his remarks on cata- 
ract expression most interesting and enlight- 
ening. 

Another important feature of the confer- 
ence was the presentation of eye surgery in 
color television, through the courtesy of 
Smith, Kline, and French Laboratories. In- 
cluded among the nine operations which were 
viewed with great interest by those in attend- 
ance was a Ridley plastic lens implant in a 
case of cataract extraction. 

Two interesting clinical pathologic pres- 
entations were made by Dr. William H. 
Annesley, Jr., and Dr. James H. Parker. 

The meeting was not without its social 
aspects. A cocktail party and informal recep- 
tion for the doctors and their wives were 
held at the Barclay Hotel, Friday evening, 
followed by a delicious dinner. 

Kenneth L. Roper. 
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CILIA AND OINTMENTS IN ANTERIOR 
CHAMBER 
Editor, 
American Journal of Ophthalmology : 


Eternal vigilance is the price we must pay 
for freedom from ophthalmic complications. 
Dr. Derrick Vail has expressed opinions in 
his fine paper (“Lint in the anterior chamber 
following intraocular surgery.” Am. J. 
Ophth., 34:1533 (Nov.) 1951) that agrees 
with my teaching that every mistake in eye 
surgery is avoidable. With every change in 
operating-room personnel, I allot time for 
directions to keep dry cotton far from the 
instrument tray. Fortunately, surgeons who 
operate with magnifying loupes can detect 
lint and cilia often overlooked by residents 
and nurses. 

Dr. Vail referred to the danger of cut eye- 
lashes in the anterior chamber but could not 
cite an actual occurrence. I trim the upper- 
lid lashes with anointed scissors prior to 
cataract surgery. From the number of cilia I 
have seen severed accidentally by surgeons, 
who do not follow this procedure, it seems 
strange, no reference can be found in our 
literature, that any of these loose foreign 
bodies ever entered the anterior chamber. 

Shortly after the presentation of Dr. 
Vail’s paper, I published an article, “Cilium 
in the anterior chamber” (Arch. Ophth., 
44 :424-428 (Sept.) 1950). My case, like 
that reported by Sitchevska and Payne, re- 
sulted from a penetrating wound. From our 
review of the literature, the condition ap- 
peared to be extremely rare although I was 
able to collect 13 additional cases from four 
ophthalmologists. 

My main interest at the time was to ascer- 
tain if the cilia had been removed from the 
anterior chamber. Despite Wurdemann’s 
clear indications for removal, 10 patients 
were allowed to retain the foreign bodies 
without subsequent irritation. One of my 
contributors admitted that, in two patients, 
cilia lodged in the anterior chamber after in- 
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traocular surgery. Apparently this clinical 
occurrence is considered unimportant or too 
embarrassing to report in the literature. One 
statement in my paper intimated that an- 
terior-chamber foreign bodies catalogued by 
hospitals do not include cilia. A large eye 
institution informed me that not a single 
case of eyelashes in the anterior chamber, 
following surgery or penetrating wounds, 
could be found in records reviewed since 
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The impressive summary in Dr. Vail’s 
paper is marred by a ban on ointments post- 
operatively. He referred to my 1948 com- 
munication regarding the management of 
ointment in the anterior chamber after cata- 
ract extraction. Since watertight suture 
closure is now universally employed by 
recognized eye surgeons, this complication 
can be discounted. I would rather risk that 
remote and harmless possibility than forego 
the use of nonallergenic antibiotic ointment. 
I fear infection more than ointment. 

How quickly statements of authorities like 
Dr. Vail are accepted as gospel truths was 
demonstrated at the January meeting of the 
New York Academy of Medicine, Section on 
Ophthalmology, when a speaker quoted his 
ban on the use of ointments. The students’ 
vision for therapy becomes blurred when 
their teachers disagree. 

(Signed) James W. Smith, 
New York, New York 


BOOK REVIEWS 


CLINICAL PATHOLOGY OF THE Eye. By Bern- 
ard Samuels, M.D., and Adalbert Fuchs, 
M.D. New York, Paul B. Hoeber, Inc., 
1951. 420 pages, with 418 illustrations, 191 
in full color. Price : $20.00. 

The need for a more detailed English text- 
book on eye pathology has been apparent for 
many years. The excellent early works of 
Parsons (1907) have not been reédited, and 
that of Friedenwald (1934) very rapidly 
passed out of print and has not been re- 
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issued. During subsequent years several texts 
were published, but most students and teach- 
ers have felt they were either too simplified 
and incomplete or lacked proper descriptive 
detail. The purpose of the present book is to 
bring the essential parts of the pathology of 
the eyeball into «usable and convenient form, 
and it is designed for use by students and 
teachers and for reference by general pa- 
thologists and surgeons. It is based on the 
clinical and pathologic experience of the 
authors at the New York Eye and Ear In- 
firmary and at the Allgemeines Krankenhaus 
in Vienna. 

Most of the illustrations are based on 
drawings of pathologic changes in the eye 
rather than microphotographs, and the beau- 
tiful color plates are the same as those used 
in Adalbert Fuchs’s Atlas of Histopathology 
of the Eye. 

A standard method of presentation is used, 
the book being divided into 14 chapters, as 
follows: General pathology, cornea, uvea, 
sclera, lens, retina, optic nerve, vitreous 
body, myopia, tuberculosis, syphilis, postop- 
erative pathologic findings and their compli- 
cations, injuries, and tumors. This method of 
presentation results in some difficulties unless 
the author is inclined to add separate chap- 
ters. As an example, hydrophthalmos is in- 
cluded in the chapter on the cornea, and the 
discussion on glaucoma is found in the chap- 
ter on the optic nerve. It is unfortunate that 
the material in this book is restricted to a 
discussion of the pathology of the eyeball. 
Pathologic changes in the lids and lacrimal 
apparatus, conjunctiva, and orbit are omitted. 

The authors have decided to rely on a 
terminology which is “in line with tradition 
and international usage.” At some points in 
the book this is unfortunate for other teach- 
ers and especially for students who must con- 
tinue to cope with double systems of nomen- 
clature, and it is hoped the authors will de- 
cide to alter the terminology in future edi- 
tions to coincide with that in general use. 

The chapter on general pathology (mostly 
general eye pathology) is excellent and in- 


cludes a description of inflammation and its 
application to various diseases of the eye. 
Vascular diseases such as atherosclerosis, 
arteriolosclerosis, and phlebosclerosis are in- 
completely covered. A discussion of changes 
due to age includes a description of pinguecu- 
lum and pterygium, which might better; be 
considered under degenerations. 

The sections on the cornea and uveal tract 
are fairly complete, and very adequate for 
the average ophthalmic student. The authors 
have reversed the usual method of teaching 
in their discussion of some conditions of the 
retina. They present the ophthalmoscopic 
and pathologic significance of large white 
areas, medium white patches, small white 
patches, scintillating dots, white streaks, lines 
and strands, yellowish patches, red spots and 
dots, brownish spots, black spots and dots, 
and gray patches. 

This method of presentation of the various 
manifestations of individual lesions is good. 
It fails, however, to show in seriatum, the 
course of the lesion and its effects upon the 
retina and the coincident lesions in other por- 
tions of the retina which are so important 
for diagnosis of many diseases. The student 
has a better perspective if he learns the early, 
moderately advanced, and advanced stages 
of an individual disease rather than trying to 
interpret the character of a particular lesion. 

Some vascular and degenerative conditions 
of the retina are omitted or incompletely de- 
scribed. The discussion on optic neuritis is 
limited to a brief and incomplete presenta- 
tion of inflammation of the disc. Methods of 
repair in lesions of the optic nerve are com- 
pletely omitted. The authors differentiate 
papillitis from neuritis and papilledema, stat- 
ing that the term papillitis should be reserved 
for indefinite cases in which a distinction 
cannot be made. This concept is not uni- 
versally accepted either clinically or patho- 
logically. 

The chapters on postoperative pathologic 
findings and injuries are quite well done and 
sufficiently complete that the student obtains 
an excellent perspective of changes in the 
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CILIA AND OINTMENTS IN ANTERIOR 
CHAMBER 


Editor, 
American Journal of Ophthalmology : 


Eternal vigilance is the price we must pay 
for freedom from ophthalmic complications. 
Dr. Derrick Vail has expressed opinions in 
his fine paper (“Lint in the anterior chamber 
following intraocular surgery.” Am. J. 
Ophth., 34:1533 (Nov.) 1951) that agrees 
with my teaching that every mistake in eye 
surgery is avoidable. With every change in 
operating-room personnel, I allot time for 
directions to keep dry cotton far from the 
instrument tray. Fortunately, surgeons who 
operate with magnifying loupes can detect 
lint and cilia often overlooked by residents 
and nurses. 

Dr. Vail referred to the danger of cut eye- 
lashes in the anterior chamber but could not 
cite an actual occurrence. I trim the upper- 
lid lashes with anointed scissors prior to 
cataract surgery. From the number of cilia I 
have seen severed accidentally by surgeons, 
who do not follow this procedure, it seems 
strange, no reference can be found in our 
literature, that any of these loose foreign 
bodies ever entered the anterior chamber. 

Shortly after the presentation of Dr. 
Vail’s paper, I published an article, “Cilium 
in the anterior chamber” (Arch. Ophth., 
44 :424-428 (Sept.) 1950). My case, like 
that reported by Sitchevska and Payne, re- 
sulted from a penetrating wound. From our 
review of the literature, the condition ap- 
peared to be extremely rare although I was 
able to collect 13 additional cases from four 
ophthalmologists. 

My main interest at the time was to ascer- 
tain if the cilia had been removed from the 
anterior chamber. Despite Wurdemann’s 
clear indications for removal, 10 patients 
were allowed to retain the foreign bodies 
without subsequent irritation. One of my 
contributors admitted that, in two patients, 
cilia lodged in the anterior chamber after in- 
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traocular surgery. Apparently this clinical 
occurrence is considered unimportant or too 
embarrassing to report in the literature. One 
statement in my paper intimated that an- 
terior-chamber foreign bodies catalogued by 
hospitals do not include cilia. A large eye 
institution informed me that not a single 
case of eyelashes in the anterior chamber, 
following surgery or penetrating wounds, 
could be found in records reviewed since 


‘1928! 


The impressive summary in Dr. Vail’s 
paper is marred by a ban on ointments post- 
operatively. He referred to my 1948 com- 
munication regarding the management of 
ointment in the anterior chamber after cata- 
ract extraction. Since watertight suture 
closure is now universally employed by 
recognized eye surgeons, this complication 
can be discounted. I would rather risk that 
remote and harmless possibility than forego 
the use of nonallergenic antibiotic ointment. 
I fear infection more than ointment. 

How quickly statements of authorities like 
Dr. Vail are accepted as gospel truths was 
demonstrated at the January meeting of the 
New York Academy of Medicine, Section on 
Ophthalmology, when a speaker quoted his 
ban on the use of ointments. The students’ 
vision for therapy becomes blurred when 
their teachers disagree. 

(Signed) James W. Smith, 
New York, New York 
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CLinicaL PATHOLOGY OF THE Eye. By Bern- 
ard Samuels, M.D., and Adalbert Fuchs, 
M.D. New York, Paul B. Hoeber, Inc., 
1951. 420 pages, with 418 illustrations, 191 
in full color. Price : $20.00. 

The need for a more detailed English text- 
book on eye pathology has been apparent for 
many years. The excellent early works of 
Parsons (1907) have not been reédited, and 
that of Friedenwald (1934) very rapidly 
passed out of print and has not been re- 
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issued. During subsequent years several texts 
were published, but most students and teach- 
ers have felt they were either too simplified 
and incomplete or lacked proper descriptive 
detail. The purpose of the present book is to 
bring the essential parts of the pathology of 
the eyeball into «sable and convenient form, 
and it is designed for use by students and 
teachers and for reference by general pa- 
thologists and surgeons. It is based on the 
clinical and pathologic experience of the 
authors at the New York Eye and Ear In- 
firmary and at the Allgemeines Krankenhaus 
in Vienna. 

Most of the illustrations are based on 
drawings of pathologic changes in the eye 
rather than microphotographs, and the beau- 
tiful color plates are the same as those used 
in Adalbert Fuchs’s Atlas of Histopathology 
of the Eye. 

A standard method of presentation is used, 
the book being divided into 14 chapters, as 
follows: General pathology, cornea, uvea, 
sclera, lens, retina, optic nerve, vitreous 
body, myopia, tuberculosis, syphilis, postop- 
erative pathologic findings and their compli- 
cations, injuries, and tumors. This method of 
presentation results in some difficulties unless 
the author is inclined to add separate chap- 
ters. As an example, hydrophthalmos is in- 
cluded in the chapter on the cornea, and the 
discussion on glaucoma is found in the chap- 
ter on the optic nerve. It is unfortunate that 
the material in this book is restricted to a 
discussion of the pathology of the eyeball. 
Pathologic changes in the lids and lacrimal 
apparatus, conjunctiva, and orbit are omitted. 

The authors have decided to rely on a 
terminology which is “in line with tradition 
and international usage.” At some points in 
the book this is unfortunate for other teach- 
ers and especially for students who must con- 
tinue to cope with double systems of nomen- 
clature, and it is hoped the authors will de- 
cide to alter the terminology in future edi- 
tions to coincide with that in general use. 

The chapter on general pathology (mostly 
general eye pathology) is excellent and in- 
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cludes a description of inflammation and its 
application to various diseases of the eye. 
Vascular diseases such as atherosclerosis, 
arteriolosclerosis, and phlebosclerosis are in- 
completely covered. A discussion of changes 
due to age includes a description of pinguecu- 
lum and pterygium, which might better; be 
considered under degenerations. 

The sections on the cornea and uveal tract 
are fairly complete, and very adequate for 
the average ophthalmic student. The authors 
have reversed the usual method of teaching 
in their discussion of some conditions of the 
retina. They present the ophthalmoscopic 
and pathologic significance of large white 
areas, medium white patches, small white 
patches, scintillating dots, white streaks, lines 
and strands, yellowish patches, red spots and 
dots, brownish spots, black spots and dots, 
and gray patches. 

This method of presentation of the various 
manifestations of individual lesions is good. 
It fails, however, to show in seriatum, the 
course of the lesion and its effects upon the 
retina and the coincident lesions in other por- 
tions of the retina which are so important 
for diagnosis of many diseases. The student 
has a better perspective if he learns the early, 
moderately advanced, and advanced stages 
of an individual disease rather than trying to 
interpret the character of a particular lesion. 

Some vascular and degenerative conditions 
of the retina are omitted or incompletely de- 
scribed. The discussion on optic neuritis is 
limited to a brief and incomplete presenta- 
tion of inflammation of the disc. Methods of 
repair in lesions of the optic nerve are com- 
pletely omitted. The authors differentiate 
papillitis from neuritis and papilledema, stat- 
ing that the term papillitis should be reserved 
for indefinite cases in which a distinction 
cannot be made. This concept is not uni- 
versally accepted either clinically or patho- 
logically. 

The chapters on postoperative pathologic 
findings and injuries are quite well done and 
sufficiently complete that the student obtains 
an excellent perspective of changes in the 
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eye which result from surgical and mechani- 
cal trauma. 

The section on tumors includes a discus- 
sion of both benign and malignant tumors 
affecting various portions of the eye. In the 
discussion on malignant tumors of the chor- 
oid the usual pigmented tumor is called a 
melanosarcoma but it is believed by many 
observers at the present time that malig- 
nant melanoma is preferable because it does 
not imply an origin from a specific tissue. An 
attempt is not made in the discussion to grade 
these tumors on the basis of cytologic char- 
acteristics or reticulum content for prognos- 
tic purposes. 

This book is highly recommended for use 
in laboratories engaged in active teaching 
and by individual students who wish to gain 
an insight into the subject of eye pathology. 
It is the best English text on the pathology 
of the eyeball which has appeared for many 
years. Michael J. Hogan. 


A Manuat or Ortuoptics. By Julia E. 
Lancaster. Springfield, Illinois, Charles C 
Thomas, 1951. 200 pages, Price: $5.50. 


Miss Lancaster, who has a master’s degree 
in education, presents orthoptics as a peda- 
gogic problem stating that the eye-training 
program proceeds as steps in the learning 
process. 

The book offers a description of the vari- 
ous types of visual problems which the or- 
thoptic technician handles and explains in 
detail what techniques are used for each type. 

Orthoptic training is based on the theory 
that, when normal binocular vision is not 
achieved at the reflex level in infancy, it 
must be learned. The purpose of such train- 
ing is to teach the individual how tc control 
the existing muscle imbalance—so that he is 
a phoria rather than a tropia—and then in- 
crease his amplitude. One of the first steps is 
to teach the patient to recognize diplopia, and 
this is done in various ways according to the 
type of ocular problem. 

The author states that all cases do not 


lend themselves well to orthoptic treatment ; 
factors to be considered are what the patient 
will gain by developing fusion habits and 
whether or not the benefits will be sufficient 
for the effort required. The four factors 
upon which orthoptic success depends are 
given as: (1) The patient must have reason- 
ably good eyes that can straighten and func- 
tion as a pair; (2) binocular vision must be 
fairly easy for the patient; (3) the patient 
must be able to recognize errors of binocular 
vision; (4) and the patient must want to use 
the eyes correctly. 

The book does not attempt to cite any case 
histories to show what progress has been 
made through orthoptic training nor does it 
reveal if the results achieved can be expected 
to be of a permanent nature. 

Beulah Cushman. 


Tue 1951 Year Book or Eye, Ear, Nose, 
AND THroat. Edited by Derrick Vail, 
M.D., and J. R. Lindsay, M.D. Chicago, 
The Year Book Publishers, Inc., 1952. 448 
pages, 140 illustrations ; subject and author 
indices. Price : $5.50. 

The very readable Year Book unfolds its 
annual review of ophthalmology revealing 
“each new vista nobler than the last.” The 
emphasis as usual is on the most practical 
and least controversial items. Discriminating 
selection combined with apt editorial com- 
ment reward the reader with a remarkable 
survey of what is good that is new, of what 
is new that is important, and the significance 
of it all. The numerous articles abstracted 
from state, foreign, and general journals is 
imposing and renders accessible important 
material that might otherwise escape perusal. 

Sjggren’s disease is being much better 
understood, and Vail notes that, in 1925, 
Henri Gougerot anticipated Sjgégren’s obser- 
vations. Six articles shed new light on the 
differential diagnosis of thyrotoxic and thy- 
rotropic exophthalmos. Three articles con- 
vincingly demonstrate that microaneurysms 
in the retina occur in other conditions besides 
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diabetes. Incidentally Vail points out that 
Nettleship in 1879 first described micro- 
aneurysms in diabetic retinopathy. 

Six papers discuss the retinopathy of pre- 
mature birth and its differential diagnosis 
from persistent tunica vasculosa lentis and 
retinal dysplasia. Two articles emphasize the 
entity of pseudoglaucoma, whereity cupping 
and glaucomatous field defects are caused by 
some nutritional disturbance of the optic 
nerve—the ocular tension remaining normal. 

In the 227 pages devoted to ophthalmology 
every subject receives adequate attention, in- 
cluding glaucoma (16 pages), surgery (23 
pages), and therapy (20 pages), but the mis- 
cellaneous section (35 pages) is particularly 
fascinating. Among its many topics are 
allergy, collagen disease, irradiation, hyper- 
lipemia, toxoplasmosis, and histoplasmosis. 
The index, unfortunately, is not as complete 
as it seems. For instance, the excellent arti- 
cle, “Use of electroretinography in measur- 
ing effect of vasodilation,” page 95, has com- 
pletely evaded the subject index, but could 
be located if the author’s name (H. E. 


Henkes) was remembered. Otherwise the 
volume is comme il faut. 


James E. Lebensohn. 


OPHTHALMOLOGICAL Optics. By W. H. 
Melanowski. Warsaw, Governmental 
Establishment of Medical Editions, 1950. 
406 pages, 173 illustrations. 

A large gap was filled in the Polish Oph- 
thalmological literature by Prof. W. H. 
Melanowski’s Manual on Ophthalmological 
Optics. This book resembles in many ways 
the well-known manuals on refraction in the 
English language. In it the author intends to 
familiarize the Polish ophthalmologist with 
the physics and physiology of the act of see- 
ing as well as with the optics of ophthal- 
mological lenses and their technical applica- 
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tion in relation to the human eye. The book is 
divided into parts which gradually intro- 
duce to the reader a detailed technique of 
ocular optics and refraction. 

After a short sketch of the history of oph- 
thalmology, anatomy of the eye and the 
adnexa is presented in a concise form. The 
physiology of the eye is given more attention. 
Separate chapters deal with light adaptation, 
color vision, and peripheral vision. The 
history of the theories of color vision and 
the theories themselves, including the con- 
tribution to them of electroretinographic 
studies, are described in detail. Each chapter 
includes the methods of examination and 
description of various instruments for diag- 
nostic purposes. 

The optics of the eye are described with 
the minimum of mathematical formulas 
necessary to facilitate their understanding. 
Numerous examples are presented in the 
form of practical problems which are solved 
and which do not ieave any doubt in the 
reader's mind. This method is used all 
through this book and should be of great 
help to those who are less familiar with 
physics or mathematics. 

Separate chapters are given to accommoda- 
tion, presbyopia, hyperopia, and astigmatism, 
as well as the methods of examination which 
include descriptions of different diagnostic 
instruments. Subjective and objective 
methods of refraction and examination of 
visual acuity are covered in three chapters. 
Only a very short chapter deals with the eye 
muscles. 

The book ends with the description of 
spectacles and with the technique of fitting 
them. To acquaint the ophthalmologist with 
the work of an optician, the author presents 
many details on the optics and technique of 
making lenses. He describes the frames and 
even the optician’s bench. 
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eye which result from surgical and mechani- 
cal trauma. 

The section on tumors includes a discus- 
sion of both benign and malignant tumors 
affecting various portions of the eye. In the 
discussion on malignant tumors of the chor- 
oid the usual pigmented tumor is called a 
melanosarcoma but it is believed by many 
observers at the present time that malig- 
nant melanoma is preferable because it does 
not imply an origin from a specific tissue. An 
attempt is not made in the discussion to grade 
these tumors on the basis of cytologic char- 
acteristics or reticulum content for prognos- 
tic purposes. 

This book is highly recommended for use 
in laboratories engaged in active teaching 
and by individual students who wish to gain 
an insight into the subject of eye pathology. 
It is the best English text on the pathology 
of the eyeball which has appeared for many 
years. Michael J. Hogan. 


A Manuac or Ortuoprtics. By Julia E. 
Lancaster. Springfield, Illinois, Charles C 
Thomas, 1951. 200 pages, Price: $5.50. 
Miss Lancaster, who has a master’s degree 

in education, presents orthoptics as a peda- 

gogic problem stating that the eye-training 
program proceeds as steps in the learning 
process. 

The book offers a description of the vari- 
ous types of visual problems which the or- 
thoptic technician handles and explains in 
detail what techniques are used for each type. 

Orthoptic training is based on the theory 
that, when normal binocular vision is not 
achieved at the reflex level in infancy, it 
must be learned. The purpose of such train- 
ing is to teach the individual how tc control 
the existing muscle imbalance—so that he is 
a phoria rather than a tropia—and then in- 
crease his amplitude. One of the first steps is 
to teach the patient to recognize diplopia, and 
this is done in various ways according to the 
type of ocular problem. 

The author states that all cases do not 
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lend themselves well to orthoptic treatment ; 
factors to be considered are what the patient 
will gain by developing fusion habits and 
whether or not the benefits will be sufficient 
for the effort required. The four factors 
upon which orthoptic success depends are 
given as: (1) The patient must have reason- 
ably good eyes that can straighten and func- 
tion as a pair; (2) binocular vision must be 
fairly easy for the patient; (3) the patient 
must be able to recognize errors of binocular 
vision ; (4) and the patient must want to use 
the eyes correctly. 

The book does not attempt to cite any case 
histories to show what progress has been 
made through orthoptic training nor does it 
reveal if the results achieved can be expected 
to be of a permanent nature. 

Beulah Cushman. 


Tue 1951 Year Book or Eye, Ear, Nose, 
AND THroat. Edited by Derrick Vail, 
M.D., and J. R. Lindsay, M.D. Chicago, 
The Year Book Publishers, Inc., 1952. 448 
pages, 140 illustrations ; subject and author 
indices. Price : $5.50. 

The very readable Year Book unfolds its 
annual review of ophthalmology revealing 
“each new vista nobler than the last.” The 
emphasis as usual is on the most practical 
and least controversial items. Discriminating 
selection combined with apt editorial com- 
ment reward the reader with a remarkable 
survey of what is good that is new, of what 
is new that is important, and the significance 
of it all. The numerous articles abstracted 
from state, foreign, and general journals is 
imposing and renders accessible important 
material that might otherwise escape perusal. 

Sjdgren’s disease is being much better 
understood, and Vail notes that, in 1925, 
Henri Gougerot anticipated Sjggren’s obser- 
vations. Six articles shed new light on the 
differential diagnosis of thyrotoxic and thy- 
rotropic exophthalmos. Three articles con- 
vincingly demonstrate that microaneurysms 
in the retina occur in other conditions besides 
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diabetes. Incidentally Vail points out that 
Nettleship in 1879 first described micro- 
aneurysms in diabetic retinopathy. 

Six papers discuss the retinopathy of pre- 
mature birth and its differential diagnosis 
from persistent tunica vasculosa lentis and 
retinal dysplasia. Two articles emphasize the 
entity of pseudoglaucoma, wherein, cupping 
and glaucomatous field defects are caused by 
some nutritional disturbance of the optic 
nerve—the ocular tension remaining normal. 

In the 227 pages devoted to ophthalmology 
every subject receives adequate attention, in- 
cluding glaucoma (16 pages), surgery (23 
pages ), and therapy (20 pages), but the mis- 
cellaneous section (35 pages) is particularly 
fascinating. Among its many topics are 
allergy, collagen disease, irradiation, hyper- 
lipemia, toxoplasmosis, and histoplasmosis. 
The index, unfortunately, is not as complete 
as it seems. For instance, the excellent arti- 
cle, “Use of electroretinography in measur- 
ing effect of vasodilation,” page 95, has com- 
pletely evaded the subject index, but could 
be located if the author’s name (H. E. 
Henkes) was remembered. Otherwise the 
volume is comme il faut. 


James E. Lebensohn. 


OPHTHALMOLOGICAL Optics. By W. H. 
Melanowski. Warsaw, Governmental 
Establishment of Medical Editions, 1950. 
406 pages, 173 illustrations. 

A large gap was filled in the Polish Oph- 
thalmological literature by Prof. W. H. 
Melanowski’s Manual on Ophthalmological 
Optics. This book resembles in many ways 
the well-known manuals on refraction in the 
English language. In it the author intends to 
familiarize the Polish ophthalmologist with 
the physics and physiology of the act of see- 
ing as well as with the optics of ophthal- 
mological lenses and their technical applica- 


tion in relation to the human eye. The book is 
divided into parts which gradually intro- 
duce to the reader a detailed technique of 
ocular optics and refraction. 

After a short sketch of the history of oph- 
thalmology, anatomy of the eye and the 
adnexa is presented in a concise form. The 
physiology of the eye is given more attention. 
Separate chapters deal with light adaptation, 
color vision, and peripheral vision. The 
history of the theories of color vision and 
the theories themselves, including the con- 
tribution to them of electroretinographic 
studies, are described in detail. Each chapter 
includes the methods of examination and 
description of various instruments for diag- 
nostic purposes. 

The optics of the eye are described with 
the minimum of mathematical formulas 
necessary to facilitate their understanding. 
Numerous examples are presented in the 
form of practical problems which are solved 
and which do not leave any doubt in the 
reader’s mind. This method is used all 


through this book and should be of great 
help to those who are less familiar with 


physics or mathematics. 

Separate chapters are given to accommoda- 
tion, presbyopia, hyperopia, and astigmatism, 
as well as the methods of examination which 
include descriptions of different diagnostic 
instruments. Subjective and objective 
methods of refraction and examination of 
visual acuity are covered in three chapters. 
Only a very short chapter deals with the eye 
muscles. 

The book ends with the description of 
spectacles and with the technique of fitting 
them. To acquaint the ophthalmologist with 
the work of an optician, the author presents 
many details on the optics and technique of 
making lenses. He describes the frames and 
even the optician’s bench. 

Sylvan Brandon. 
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ABSTRACT DEPARTMENT 


Epitrep sy Dr. F. Hersert HAESSLER 


Abstracts are classified under the divisions listed below. It must be remembered that any given paper 
may belong to several divisions of ophthalmology, although here it is mentioned only in one. Not all of 
the headings will necessarily be found in any one issue of the Journal. 


CLASSIFICATION 


1. Anatomy, embryology, and comparative oph- 
thalmology 

. General pa’ , bacteriology, immunology 

. Vegetative physiology, biochemistry, pharma- 

cology, toxicology 

. Physiologic optics, refraction, color vision 

. Diagnosis and therapy 

Ocular motility 

. Conjunctiva, cornea, sclera 

Uvea, sympathetic disease, aqueous 

Glaucoma and ocular tension 


wh 


8 
UVEA, SYMPATHETIC DISEASE, 
AQUEOUS 

Gasteiger, H. Etiology of chronic uve- 
itis. Klin. Monatsbl. f. Augenh, 120:19- 
27, 1952. 

Tuberculosis and focal infection are 
frequently mentioned as causes of chronic 
uveitis, yet certain proof of a tuberculous 
etiology is rare. Typical tuberculosis in 
any organ of the body must show casea- 
tion and the presence of tubercle baccilli. 
If we apply this criterion, the number of 
cases of ocular tuberculosis becomes very 
small, Likewise, focal infection should 
be considered a causative agent only 
when, after the removal of a local focus, 
a chronic uveitis disappears. Such cases 
also are rare. That every disease has one 
and only one etiologic agent has certainly 
not been proved. Probably there is never 
only one factor that brings about the 
active manifestation of a disease, but a 
multiplicity of factors that act together 
at a given time. Thus most cases of 
chronic uveitis must be considered as 
due to an allergic-hyperegic process in 
which a number of factors may act as 
provocators. The pathologic changes are 


10. Crystalline lens 

11. Retina and vitreous 

12. Optic nerve and chiasm 

13. Neuro-ophthalmology 

14, Eyeball, orbit, sinuses 

15. Eyelids, lacrimal apparatus 

16. Tumors 

17. Injuries 

18. Systemic disease and parasites 
19. Congenital deformities, heredity 
20. Hygiene, sociology, education, and history 


nonspecific ones, such as nodule forma- 
tion, and point to a summation of stimuli 
which have been transmitted through the 
vasomotor nervous system. In this way 
old foci of infection may help to bring on 
a uveitis, or an allergy originating in a 
tuberculous focus may be activated by 
an infected tonsil or tooth. Such cases 
should not be called tuberculous; this 
term ought to be reserved for cases in 
which the baccilli can actually be demon- 
strated in the ocular tissue. (10 refer- 
ences) B. T. Haessler. 


Jaensch, P. A. Diagnostic difficulties in 
metastatic carcinoma of the choroid. Klin. 
Monatsbl. f. Augenh. 120:70-72, 1952. 

A 50-year-old man, apparently in good 
health, had a circumscribed scleritis of 
the right eye. For two months his vision 
had been deteriorating. There was a reti- 
nal detachment. One month after he was 
first seen, the eye was enucleated because 
of glaucoma. A large, round tumor which 
had grown upward and nasally was found 
to have led to the retinal detachment. 
Because the tumor was not near the pos- 
terior pole, was not flat, and did not grow 
concentrically and because of the circum- 
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scribed scleritis, which was so obviously 
inflammatory, the correct diagnosis was 
not immediately made. The tumor proved 
to be the intraocular metastasis of a pri- 
mary carcinoma of the left hilus. The 
ophthalmologist should realize that lung 
cancer and its metastases have certain 
peculiarities which differ from those de- 
scribed in the textbooks and in cases of 
inflammation of unknown origin, or when 
tumors are suspected he should always 
insist on an X-ray examination of the 
lung. B. T. Haessler. 


KapuScinski, W. J., Jr., and Droz- 
dowska, S. Diagnostic value of the Man- 
toux test in cases of inflammation of the 
mesenchymal tissue of the eye, treated by 
typhoid vaccine. Arch. d’opht. 11 :649-660. 
1951. 


The authors refer to the test, pre- 
viously described by KapusScinski, for the 
differentiation of tuberculous uveitis from 
that due to focal infection. A small quan- 
tity of typhoid vaccine, 0.01 cc., is injected 


intravenously : in tuberculosis there is an 
increase in the uveitis and an irritation 
of the primary tuberculous focus; in focal 
infection the local ocular inflammation is 
reduced, In the present report the effect 
of this provocative test with typhoid vac- 
cine on the Mantoux reaction is studied 
simultaneously with the study of its effect 
on the ocular disease. The authors argued 
that if the uveitis and the tuberculin re- 
action had a common denominator, the 
nonspecific shock test should produce an 
increase in the inflammatory signs in the 
skin as well as in the eye, and that if 
the uveitis were focal in origin the re- 
action of the eye would be independent 
of that of the skin. From a study of 75 
cases they conclude that the results es- 
sentially substantiate their theory. In nine 
of their patients a tuberculous etiology 
was probable; the remainder, with the 
exception of a single syphilitic case, were 
in all probability due to focal infections. 


The authors advocate their test for rou- 
tine clinical use and conclude by referring 
to recent work on the relation of ACTH 
and cortisone to shock therapy. 


P. Thygeson. 


Otto, K.-!I. Iridocyclitis occurring after 
harvest fever. Klin. Mouatsbl. f. Augenh. 
120 :27-33, 1952. 


Leptospira are spirochetes and were 
first investigated in Weil’s disease where 
they bring on jaundice and other severe 
bodily changes. To date, 13 different 
types of leptospira have been described 
which cause benign disease without jaun- 
dice. Harvest fever, one of this group, 
is caused by Leptospira grippo-typhosa. 
The disease is endemic in many parts of 
Europe and may appear in epidemic form. 
A waterlogged soil, such as follows a 
flood, is essential for its development, and 
agricultural workers are the ones affected. 
Otto describes an epidemic he observed 
in the summer of 1948 to 1949. There was 
fever, general malaise, pain in the joints 
and circulatory disturbance. About half 
the patients showed an early conjuncti- 
vitis. Of the 15 patients, one had jaun- 
dice. The portal of entry is presumably 
the skin and the disease does not spread 
from person to person. The native popu- 
lation, possibly immunized by a similar 
epidemic 20 years before, was not as 
hard hit as migrant labor. Iridocyclitis 
was a late complication in eight patients 
(one patient had a papillitis also) and ran 
a chronic course. Three patients had 
acute recurrences with pain and ciliary 
injection and all had decreased vision and 
vitreous opacities. After treatment for 
two to 12 months all the eyes healed with- 
out functional damage. Treatment was 
palliative and nonspecific. In all these pa- 
tients a positive serum reaction to lepto- 
spira had been obtained. Otto suggests 
that in cases of chronic iridocyclitis of 
undertermined origin the ophthalmolo- 
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gist consider the possibility of infection 
with leptospira. (6 references) 
B. T. Haessler. 


9 

GLAUCOMA AND OCULAR TENSION 

Kluyskens, Jean. Congenital glaucoma. 
Arch. d’opht. 11 :574-577, 1951. 

In an extensive, 240-page monograph, 
of which only an abstract is published 
here, the author advocates the use of the 
term “congenital glaucoma” to replace 
such other terms as “buphthalmos” and 
“hydrophthalmos.” His first chapter con- 
tains an account of the history of the 
disease, in which the contributions of in- 
vestigators from Ambroise Paré to La- 
grange, Anderson, and Barkan are cited. 
The second chapter is devoted to per- 
sonal observations on 24 cases, and the 
third chapter deals with the diagnosis of 
the disease. The anatomy of the iris 
angle and the gonioscopic picture are 
considered, The symptomatology, includ- 
ing enlargement of the globes, corneal 
opacification, photophobia and tearing, is 
described, with special comments on sec- 
ondary alterations in the cornea such as 
hyposensitivity, rupture of Descemet’s 
membrane, and edema of the cornea. The 
hereditary transmission is described as 
sometimes recessive and sometimes domi- 
nant. 

In the fourth chapter, Kluyskens dis- 
cusses the differential diagnosis of con- 
genital glaucoma, with special reference 
to megalocornea. The fifth chapter is de- 
voted to the histopathology of the disease 
and the sixth to its evolution and prog- 
nosis. Eventual blindness takes place in 
about 20 percent of cases. In the seventh 
chapter etiology is considered, and the 
various factors concerned in congenital 
alterations are analyzed. The eighth and 
final chapter is on treatment. The failure 
of miotics to be other than palliative is 
noted and early operation is advocated. 
The author prefers iridencleisis, and in 


68 percent of the eyes his results have 
been satisfactory. Cyclodiathermy and 
goniotomy are discussed. 

P. Thygeson. 


Radnoét, M. The action of hormones in 
glaucoma. Szemészet 2:114-115, 1951. 

A man, 63 years old, had an attack of 
glaucoma after the administration of 
testosterone. If there is any suspicion of 
glaucoma, no testosterone preparations 
should be given. Gyula Lugossy. 


10 
CRYSTALLINE LENS 

Cipriani, V., Enrique. Discission-suc- 
tion. Rev. Peruana otorrinolaring. y oftal. 
2:24-25, July, 1950-June, 1951. 

The author does not consider discission 
of congenital cataract satisfactory be- 
cause of slow absorption and the long 
period of reaction of the tissues of the 
eye. He describes a technique which he 
recommends for patients under 20 years 
of age, for traumatic cataracts of adults, 
and for liquefied hypermature cataracts. 
With the eye fixed, he introduces a 22 
gauge, shortbeaded, sharp needle 2 mm. 
behind the limbus subconjunctivally into 
the anterior chamber, scratches the lens 
in two or three different directions, then 
mobilizes the lens material into the an- 
terior chamber and aspirates it with a 
syringe attached to the needle. This suc- 
tion is repeated two or three times. He 
then fills the anterior chamber with air 
and withdraws the needle. Sulfathiazole 
or aureomycin ointment is applied, the 
eye left uncovered, and atropine is con- 
tinued every two hours for two days, The 
operation is repeated at the end of two 
weeks if lens material still remains. Over 
30 cases have been successfully treated. 

Roberto Buxeda. 


Cogan, D. G., Donaldson, D. D., and 
Reese, A. B. Clinical and pathological 
characteristics of radiation cataract. 
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A.M.A. Arch. Ophth. 47 :55-70, Jan., 1952. 


The clinical findings in 20 early cases 
of radiation cataract were reviewed and 
the histologic changes studied in cross 
sections from 27 cases of radiation cata- 
ract representing various stages of cata- 
ract formation. There were seven cases 
of cataract: after exposure to X rays or 
gamma rays, 2 of cyclotron-induced cata- 
ract, 10 of cataract attributed to the 
ionizing radiations of the atomic bomb 
in Japan, and 1 of cataract resulting from 
an atomic explosion in this country. The 
findings were remarkably uniform in all 
cases. On ophthalmoscopic examination 
the initial opacity consisted of a dot, 
usually at the posterior pole of the lens, 
and as this increased to 1 to 2 mm. in 
diameter pepper-like granules and vacu- 
oles developed about it. The main opacity 
then developed a relatively clear center, 
producing a doughnut-shaped pattern 
with a diameter of 3 to 4 mm. Granular 
opacities and vacuoles were found in the 
anterior subcapsular zone. These changes 
appeared to be stationary or were only 
slowly progressive over a period of sev- 
eral years. Later, progressive opacifica- 
tion of the cortex occurred, eventually 
forming a mature and nonspecific cata- 
ract. With slitlamp biomicroscopy, the 
initial opacities appeared granular and 
usually yellow. 

The clinical features of radiation cata- 
ract in man are the doughnut-shaped 
configuration, as seen with the ophthal- 
moscope, and the sharply demarcated an- 
terior boundary of the opacity and bi- 
valve configuration of the opacity, as 
seen with the slitlamp biomicroscope. The 
histologic changes of radiation cataract 
consist of failure of the cells at the 
equator to differentiate into lens fibers, 
and early migration of cells beneath the 
posterior capsule toward the posterior 
pole. They are less type-specific than are 
the clinical signs. (9 figures, references) 

R. W. Danielson. 


Csillag, F. Puncture of the capsule in 
intracapsular cataract extraction. Sze- 
mészet 2:72-75, 1951. 

For the removal of cataracts with a 
liquefied cortex, previous puncture of the 
capsule was recommended as early as 15 
years ago. In animal experiments the 
resistance of the capsule to traction was 
greatest when puncture was done in the 
upper third. The capsule was grasped 
with the clamp at the bottom and the 
cataract was removed through tilting. 
Csillag has employed this procedure in 
the extraction of liquefied or swollen cata- 
racts for 12 years with good results. 

Gyula Lugossy. 


Nonay, T. Cataract operation in pri- 
mary glaucoma. Szemészet 2:107-113, 
1951. 

Sixty-nine patients with primary glau- 
coma were operated upon for senile cata- 
ract. The lens was removed while the 
intraocular pressure was less than 36 
mm. Hg. The best results are obtained 
if the operation is performed with total 
iridectomy and preservation of the cap- 
sule after a proper preoperative treat- 
ment. Gyula Lugossy. 


von Sallmann, Ludwig, with the techni- 
cal assistance of C. M. Munoz. Abstract 
of paper: further efforts to influence 
X-ray cataract by chemical agents. 


A.M.A. Arch. Ophth. 47 :21-22, 
1952. 


von Sallmann and his co-workers last 
year reported, in a preliminary study, 
on the relation of cysteine treatment to 
X-ray damage of the rabbit’s eye which 
had been exposed locally to a single dose 
of 1,500 r of penetrating X rays. There 
was evidence that epilation and X-ray 
cataract were partially prevented by the 
intravenous use of 2 gm. of cysteine be- 
fore irradiation. These animals have been 
followed over periods of 12 to 16 months. 
Total cataract has developed in the con- 
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the cysteine-pretreated eyes showed a 
lenticular opacity dense enough to inter- 
fere with the visibility of fundus details. 
The complete paper will be published in 
the Transactions of the American Oph- 
thalmological Society for 1951. 

R. W. Danielson, 


11 
RETINA AND VITREOUS 


Arkin, Wiktor. Visibility of the yellow 
color in the abnormal macula with the 
red free light. Klinika Oczna 21:66-69, 
1951. 

The yellow color in the macula of the 
fundus with early macular changes and 
edema was visible with the lighter red- 
free filter of the “Oculus” electric oph- 
thalmoscope but not with a darker filter. 
The author feels that this is true because 
the tissue in the macula is less transparent 
than normal because of edema. Four case 
histories are presented. 

Sylvan Brandon. 


Bembridge, B. A., and Jackson, C. R. S. 
Pathological examination of nine cases of 
retrolental fibroplasia. Brit. M. J. 2:1484- 
1487, Dec. 22, 1951. 

The retrolental membrane is formed 
of vascular connective tissue and is at- 
tached to the anterior part of the pars 
plana. The fibroblasts and the newly 
formed capillaries give the appearance of 
an inflammatory reaction. In nine eyes 
enucleated in the late stage of retrolental 
fibroplasia the retina was completely de- 
tached up to and past the pars plana. 
There was considerable folding of the 
retina and rosettes, hemorrhage, and 
exudates were present. Blood vessels of 
the retina may connect with the mem- 
brane and glial fingers may penetrate the 
membrane from a glial hyperplasia on 
the front of the retina. An exudate seen 
between the retinal pigment epithelium 
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trol group in 12 of 14 animals. None of 


and the other retinal layers contained 

many ghost cells. The signs of irritation 

in the anterior segment were not specific. 
Irwin E. Gaynon. 


Csapody, I. Prophylactic operations on 
the retina. Szemészet 2:68-72, 1951. 

Tears anc degenerated areas of the 
retina should be operated upon with 
penetrating diathermy before detachment 
develops. Early operation is safer than 
operation for detachment. 

Gyula Lugossy. 


Drew, A. L., and Magee, K. R. Papill- 
edema in the Guillain-Barré syndrome. 
Arch. Neurol. & Psychiat. 66:744-751, 
Dec., 1951. 

Only nine cases of papilledema have 
been reported in the Guillain-Barré syn- 
drome which is a syndrome of radiculo- 
neuritis with increased spinal fluid pro- 
tein but without cellular response. A 
tenth patient, a man 38 years old, with 
the characteristic findings of this syn- 
drome, and with marked papilledema, was 
studied through an illness lasting six 
months, Examination on admission re- 
vealed coarse lateral nystagmus, normal 
visual acuity and normal optic discs. 
Temporary paralysis of the right oculo- 
motor nerve developed during the fourth 
week. During the sixth, painless bilateral 
papilledema of 3 D elevation and flame- 
like hemorrhages were seen around and 
on the discs. After two months the papill- 
edema began to recede and in the sixth 
month there remained only a slight blur- 
ring of the disc margins. The authors 
believe that the mechanism of production 
of papilledema in the Guillain-Barré 
syndrome cannot at present be ade- 
quately explained. Claude L. LaRue. 


Jervey, J. W. Note on postoperative 
management of retinal detachment. 
A.M.A. Arch. Ophth. 47:76-77, Jan., 
1952. 
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In the three cases of retinal detach- 
ment described, the period of postopera- 
tive bed rest was considerably shortened, 
with no untoward effects. After surgical 
treatment of retinal detachment healing 
will occur quickly, as in any clean injury 
and will take place in spite of motion. 
The eye is not still in sleep or in ‘closure, 
and cannot be splinted or stabilized. After 
the retina is back in place, it is doubtful 
whether any particular position is pref- 
erable. 

The cases described indicate that the 
postoperative care of retinal detachment 
can, and should, be simplified, and that 
the eye tolerates this type of surgical 
procedure exceedingly well, as shown by 
the very slight reaction even when a 
second operation was performed after a 
short interval. R. W. Danielson. 


Landesman, R., Douglas, R. G., and 
Snyder, S. S. Retinal changes in toxemias 
of pregnancy; mild and severe hyper- 


tension, renal disease and diabetes mel- 
litus. Am. J. Obst. & Gynec. 63:16-27, 
Jan., 1952. 

The retinal changes in acute toxemia 
are less advanced than in hypertensive 
and renal disease because of the lack of 
pre-existing arteriolar disease. In severe 
hypertension the state of the retinal ar- 
terioles is important in prognosis, where- 
as in mild hypertension early retinal 
changes are of little prognostic value. 
The need for the interruption of preg- 
nancy depends on the degree of retinal 
arteriolar damage in severe hypertension. 
The presence of retinal hemorrhages, 
exudates, or papilledema associated with 
hypertension, are indications for prompt 
interruption regardless of the duration of 
gestation. In chronic renal disease with 
normal blood pressure and normal retinal 
vessels a living infant is probable; the 
chance for a living infant decreases as 
the severity of retinovascular changes in- 
creases. The prognosis for the fetus is 


worse when retinal vascular changes are 
associated with diabetes mellitus and 
toxemia than with toxemia alone. When 
grade II retinal arteriolar changes are 
present in a diabetic patient the fetus will 
die unless there is early intervention. A 
woman with diabetic retinopathy should 
be advised aga‘nst pregnancy. (7 figures, 
7 references) Bennett W. Muir. 

Lanman, J. T., Guy, L. P., and Dancis, 
J. Adrenocorticotropic hormone in the 
therapy of retrolental fibroplasia. Pedi- 
atrics 9:27-31, Jan., 1952. 

Five premature infants thought to be 
developing retrolental fibroplasia were 
treated early and vigorously with ACTH. 
Treatment was begun between the 7th 
and the 37th day of life and was given 
for 30 to 60 days. The usual dose was 
20 to 40 mg. per day. One patient died 
during therapy and in the four remaining 
patients retrolental fibroplasia progressed 
to cicatrix formation behind the lens. The 
therapy was totally ineffective. (5 figures, 
references) Bennett W. Muir. 


Ludvig, I., and Németh, B. The visual 
field in operated cases of retinal detach- 
ment. Szemészet 2:95-98, 1951. 

On examining the visual field of 56 
patients operated upon for retinal detach- 
ment, the authors found that successful 
operation was followed by an increase in 
the visual field for objects and colors 
within three weeks, unless complicated 
by severe atrophy of the choroid and 
degenerative changes. If color vision does 
not return, it is a sign of incomplete cure 
or of recurrence. Gyula Lugossy. 


Palich-Szanté, Olga. Retinal cysts. 
Ophthalmologica 122 :283-294, Nov., 1951. 
Two cases of isolated cysts of the retina 
in the macular region are described and 
interpreted as developmental anomalies 


related to folding of the retina. 
Peter C. Kronfeld. 


> 
; 
' 
= } 
4 


738 


Rieger, H. A further report on cases of 
central external exudative retinitis pre- 
sumably caused by an acquired, adult 
toxoplasmosis. Klin. Monatsbl. f. Augenh. 
120 :33-50, 1952. 

In a recent issue of the Klin. Monatsbl. 
f. Augenh, Rieger reported four cases of 
retinitis due to adult toxoplasmosis. A 
titer curve, taken over a period of ten 
months, definitely established the diag- 
nosis in one case and helps to make this 
diagnosis all the more probable in the 
other, clinically similar cases. In this 
article he discusses his previous report 
and adds ten further cases. They are 
classified as early, late, healed, but with 
relapse, and completely healed. The late 
severe cases may show changes similar 
to those seen in retinitis circinata; in one 
case described there were cysts of the 
retina, in another peripapillary edema. 
Involvement of the retinal vessels oc- 
curred several times and occasionally the 
periphery of the fundus was affected so 
that choroiditis was simulated. Paralysis 
of the eye muscles may be an important 
symptom, In about half the patients one 
eye only was involved. The Sabin-Feld- 
man test can be considered specific for 
Toxoplasma gondii, although Rieger does 
not believe that a negative test rules out 
infestation, especially if the infection oc- 
curred long ago. The results of the tests 
are reported in tabular form. The source 
of infection could often be traced to dogs, 
rats or rabbits. Treatment consisted of 
large doses of Supronal, continued for 
months after the symptoms subsided, The 
fact that central external exudative reti- 
nitis is a specific disease should help 
distinguish between latent and manifest 
toxoplasmosis and aid in checking the 
spreading menace of this disease. (2 
figures, 3 tables, 11 references) 

B. T. Haessler. 


Sobanski, Janusz. Venous pulse of the 
retina. Klinika Oczna 21:8-18, 1951. 
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The author believes that the venous 
pulse is similar to the arterial pulse and 
is the result of passage of the pulse wave 
through the arteries and the capillaries 
into the veins. A venous pulse becomes 
visible when the intraocular pressure is 
higher than the pressure of the blood in 
the retinal veins at the time of the dias- 
tole of the heart. It is slightly retarded in 
time by comparison with the arterial 
pulse. The mechanism of the pulse is dif- 
ferent when the venous pressure is high 
and reaches the median pressure of the 
retinal artery. The vein is compressed at 
the time of dilation of the arteries, as was 
described by Bailliart. The author was 
able to take a motion picture of the 
venous pulse and presented the film at 
the Ophthalmological meeting in Cracow 
in September, 1949. Sylvan Brandon. 


Weiman, C. G., McDowell, F. H., and 
Plum, F. Papilledema in poliomyelitis. 
Arch. Neurol. & Psychiat. 66:722-727, 
Dec., 1951. 

Of 106 patients with acute poliomyeli- 
tis, five, with moderate to severe quad- 
riplegia, developed papilledema, with 
blurred vision and diplopia, from 11 to 48 
days after the onset of illness, and with 
an average duration of 60 days. Three had 
systemic arterial hypertension and re- 
quired a respirator. Spinal fluid pressure 
was elevated; there was headache, fever 
for five to ten days and muscular paralysis 
with typical anterior horn cell distribu- 
tion. Visual fields and visual acuity were 
normal, The papilledema was presumably 
part of a generalized edema of the central 
nervous system. Claude L. LaRue. 


13 
NEURO-OPHTHALMOLOGY 
Arkin, Wiktor. A rare case of abortive 


migrainous ophthalmoplegia. Klinika 
Oczna 21:70-72, 1951. 


Four cases of temporary paralysis of 
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the pupil of one eye in patients with mi- 
grain are described. The pupil was di- 
lated and there were no other ophthal- 
mological symptoms. Sylvan Brandon. 


Booth, Carl B. Does nystagmus occur 
in lesions of the cervical cord? Arch. 
Neurol. & Psychiat. 67 :69-71, Jan., 1952. 

It is important to make a differential 
diagnosis between supracervical and cer- 
vical lesions, especially those due to her- 
niated cervical disc. The frequency of 
nystagmus in cervical lesions was deter- 
mined, and an extensive review of the 
literature is given. Explanation of the 
mechanisms by which lesions in the cervi- 
cal cord produce nystagmus are largely 
speculative. An interruption in the path- 
way of the medial longitudinal fasciculus 
is possible but unlikely. Traction on the 
medulla, with secondary involvement of 
the vestibular pathways, may be present 
in extramedullary cord lesions. The study 
indicates that nystagmus is uncommon in 
connection with lesions of the spinal cord 
of the cervical region. In the differential 
diagnosis of cervical and supracervical le- 
sions nystagmus points strongly to a 
supracervical disorder rather than to a 
cervical one. Claude L. LaRue. 


Chang, Hsiang-Tung. Cortical response 
to stimulation of lateral geniculate body 
and the potentiation thereof by continuous 
illumination of retina. J]. Neurophysiol. 15: 
5-26, Jan., 1952. 

During experiments on stimulation of 
the geniculate body of cats it was acci- 
dentally discovered that exposure of the 
retinas simultaneously to light caused a 
potentiation of the stimulus. The pattern 
of cortical response to stimulation of the 
lateral geniculate body has been found to 
be the same as that to optic nerve stimula- 
tion, except that the over-all latency was 
shorter in the former than in the latter, 
indicating a monosynaptic relationship 
in the lateral geniculate body between 


the optic nerve and the radiation fibers. 
Continuous illumination of the retina 
potentiates the cortical response obtained 
by stimulating the lateral geniculate 
body. The potentiation develops in five 
seconds and is sustained as long as the 
illumination is continued with waxing 
and waning at a frequency of six cycles 
per minute. Spontaneous electrical waves 
of the cortex appear to be greatly sup- 
pressed. The site of the potentiation is in 
the lateral geniculate body. (15 figures) 
H. C. Weinberg. 


Henderson, J. W., and Crosby, E. C. 
An experimental study of optokinetic 
responses. A.M.A. Arch. Ophth. 47 :43-54, 
Jan., 1952. 

Intact preoccipital and occipital eye 
fields are essential for normal optokinetic 
responses. If both these fields are ablated 
bilaterally, such responses are abolished. 
If the appropriate portions of the preoc- 
cipital and the occipital eye fields are de- 
stroyed unilaterally, optokinetic responses 
are not elicited on rotation of the drum 
away from the side of the injury. If the 
portion of one preoccipital eye field func- 
tionally related to conjugate horizontal 
deviation of the eyes is destroyed, the 
homolateral occipital eye field may. still 
produce an optokinetic response in the 
expected direction. Bilateral destruction 
of considerable portions of the frontal 
eye fields, including those regions related 
to horizontal deviation of the eyes, makes 
possible maximal optokinetic responses 
in the horizontal, and probably in other, 
planes. (3 figures, references) 

R. W.Danielson. 


Lowenstein, O., and Lowenfield, I. E. 
Disintegration of central autonomic 
regulation during fatigue and its reinte- 
gration by psychosensory controlling 
mechanisms: I Disintegration. Pupil- 
lographic studies. J. Nerv. & Ment. Dis. 
115 :1-21, Jan., 1952. 
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All fatigue manifested in pupillary re- 
flex activity is central in origin. The sym- 
pathetic centers become fatigued before 
the para-sympathetic centers, and the cor- 
tical before the subcortical. Pupillograms 
and differential analyses of the normal 
reflex to light in man, monkey, and cat 
are presented, (13 figures, 18 references) 

Bennett W. Muir. 


Pryor, William D. The pupillary 
changes associated with diabetic neurop- 
athy. North Carolina M. J. 12:605-607, 
Dec., 1951. 

A variety of changes in pupillary size 
and may occur in diabetic 
Argyll Robertson 


reactions 


neuropathy. Typical 
pupils may be seen in the absence of any 


evidence of neurosyphilis. An Argyll 
Robertson pupil with loss of knee and 
ankle jerks may occur in diabetic neu- 
ropathy. Irwin E. Gaynon. 


14 
EYEBALL, ORBIT, SINUSES 


Pagani, Mario. Tumors and cysts of 
the orbit. Rassegna ital. d’ottal. 20:402- 
420, Nov.-Dec., 1951. 

The anatomic schema of the orbital 
structures and the new growths occur- 
ring there, as proposed by Benedict, is 
illustrated and carefully described by the 
writer. He prefers certain changes in the 
nomenclature as presented by Offret. De- 
scriptions of many tumors and cysts of 
the orbit and the operative procedures 
employed in their treatment are given. 
(20 figures) Eugene M. Blake. 


Wilczek, Marian. Posterior encephalo- 
cele of the orbit. Klinika Oczna 21:41-49, 
1951. 

The most frequent congenital condi- 
tion causing loss of bone tissue in the 
posterior segment of the orbit is the 
encephalocele. The symptoms, location 
and the structure of the encephalocele 


are described and two cases are pre- 
sented. In both the opening was in the 
area of the large and the small sphenoidal 
wing, which were missing. One likewise 
had a neurinomatosis of von Reckling- 
hausen. Sylvan Brandon. 


15 
EYELIDS, LACRIMAL APPARATUS 


Allen, James H. Lids, lacrimal appa- 
ratus, and conjunctiva. Review of the 
recent literature. A.M.A. Arch. Ophth. 
47 :87-112, Jan., 1952. 

This excellent annual review should be 


read in its entirety. (References) 
R. W. Danielson. 


Frieberg, Torsten. The role of the lacri- 
mal sac and of the caruncle in the elimi- 
nation of tears. Ophthalmologica 122: 
193-206, Oct., 1951. 

In previous publications (Zeitschr. f. 
Augenheilkunde, vols, 37, 39 and 67) the 
author arrived at a concept of the mecha- 
nism of tear conduction in which the lacri- 
mal sac played a significant part. The 
manometric studies of Rosengren and 
Kugelberg (Klin. Monatsbl. f. Augenh. 
95, 1935) proved the importance of the 
canaliculi but seemed to speak against 
any participation of the tearsac in the 
process of tear elimination. In the paper 
under review Frieberg reviews the data 
of Rosengren and Kugelberg and a num- 
ber of pertinent clinical observations and 
finally reaffirms his original concept ac- 
cording to which the movable parts of the 
channels of elimination function as a com- 
bined pressure and suction pump. In the 
starting position of open palpebral fissure 
the tone of the orbicularis and the elas- 
ticity of the surrounding tissues tend to 
keep the canaliculi and the sac open. This 
results in negative pressure within the 
elimination channels and a slow aspira- 
tion of tears from the lacrimal lake. This 
physiological process is interfered with by 
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senile relaxation of the orbicularis or 
slight obstructions near the puncta, Dur- 
ing the blinking movement the canaliculi 
and the sac are compressed and their 
contents forced toward the nose. Regurgi- 
tation into the conjunctival sac is pre- 
vented by a complex mechanism the most 
important part of which ‘s probably firmer 
apposition between punctum and the tis- 
sues behind it. In cases of unusually large 
outflow channels, gravity alone may cause 
a flow of tears into the nose. The caruncle 
seems to play a passive part in that it 
transmits the pressure of the orbicularis 
to the canaliculi and the sac. 
Peter C. Kronfeld. 


Garzino, Alessandro. The histology of 
the lacrymal sac at various ages. 
Rassegna ital. d’ottal. 20:343-381, Nov.- 
Dec., 1951. 

Many lacrimal sacs were removed at 
all ages from birth into advanced years 
and the histological examinations are 
summarized. The sac of the new-born 
and in youth has a normal histological 
appearance. In the adult, one finds evi- 
dences of attenuated chronic inflammatory 
changes which tend towards cicatrization 
and sclerosis. Epiphora is more frequent 
in old people because of a tendency to 
stenosis at the outlets of the duct and 
from compression by lymphatic follicles, 
and chronic dacryocystitis is more fre- 
quent. There is a marked similarity in 
the histologic aspect of the two sacs in 
an individual. Tumor-like cells are some- 
times seen and form adenomatous and 
cystic areas, In the walls of the sac one 
frequently sees glands of the serous type, 
especially in the young. (31 figures, 29 
references) Eugene M. Blake. 


Grénvall, Herman. Statistics relating to 
the occurrence and location of 1,693 cha- 
lazia. Acta ophth. 29 :329-338, 1951. 

A statistical analysis of 1,693 cases 
shows that chalazia are more frequent in 


boys under ten, and in girls between ten 
and twenty years of age. There is a 
greater tendency for chalazia to involve 
the left eye. There is no demonstrable dif- 
ference in the involvement of the upper 
and lower lids. The temporal half of the 
lid is more often involved in men, the 
nasal in women. In men, the upper 
temporal and the lower nasal quadrants 
are the most frequent sites of chalazia, the 
upper nasal less frequent. In women the 
lower nasal quadrant is most often 
affected. (4 tables) Ray K. Daily. 


Hasegawa, Bungo. Etiology of angular 
and marginal blepharitis, particularly 
with regard to Micrococcus conjunctivae 
Mitsui-Hinokuma. Acta Soc. Ophth. 
Japan 56 :9-14, Jan., 1952. 

The author re-examined the etiological 
role of Micrococcus conjunctivae, first 
described by Mitsui and Hinokuma (Am. 
J. Ophth. 34, Sept., 1951) in angular and 
marginal blepharitis and confirmed their 
findings in most respects. He examined 35 
cases of angular and marginal blepharitis 
and found the micrococcus in all. Five 
strains were isolated and identified. In- 
oculation with the micrococcus into two 
human eyes resulted in an onset of mar- 
ginal blepharitis. Vitamin B, was effective 
in the treatment of the angular form but 
less effective in the marginal form. The 
author concludes that Morax-Axenfeld’s 
bacillus and the micrococcus may be sym- 
biotic and coéperative, but the former is 
the chief cause of angular blepharitis and 
the latter of marginal blepharitis. 

Yukihiko Mitsui. 


Markovitch, A. Classification of tra- 
choma. Arch. d’opht. 11:571-573, 1951. 

Markovitch states that there are only 
two periods in the evolution of trachoma, 
the period of progression and the period 
of regression. He has devised a new 
classification in which the stage of pro- 
gression is divided into incipient (P,) 
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and florid (P,) phases, and the stage of 
regression is divided into the hyper- 
trophic-cicatricial (R,) phase and the 
cicatricial (R,) phase. He describes in 
detail the clinical characteristics of these 
four phases, P. Thygeson. 


Nagy, F. Restitution of tear drainage 
after extirpation of the lacrymal sac. 
Szemészet 2 98-101, 1951. 

Three cases of restitution of tear drain- 
age after extirpation of the lacrymal sac 
are reported. In cases characterized by 
the formation of a pseudocyst, dacryo- 
cystorhinostomy is the proper procedure. 
In other cases canaliculo-rhinostomy is 
more adequate. In cases complicated by 
fistula, filling with black thread should 
be done during operation. 

Gyula Lugossy. 


Pavisié, Zvonimir. Plastic trichiasis op- 
eration. Ophthalmologica 122 :50-52, July, 
1951. 


For recurrent entropion and trichiasis 
due to trachoma the author recommends 
the transplantation of an approximately 
rectangular piece of ear cartilage (with 
the overlying skin) into the intramargin- 


ally split lid. Peter C. Kronfeld. 
Sjogren, H., and Kronning, E. Kerato- 
conjunctivitis sicca after partial extirpa- 
tion of the palpebral lacrimal gland. Acta 
ophth, 29 :355-300, 1951. 
Keratoconjunctivitis sicca sometimes 
follows extirpation of the palpebral lacri- 
mal gland, with obliteration of the lacrimal 
ducts, for epiphora after dacryocystec- 
tomy. In the case reported, a 16-year-old 
woman had had an unsuccessful Toti- 
Kuhnt operation for lacrimal stenosis, fol- 
lowed five years later by partial excision 
of the palpebral lacrimal gland for an- 
noying epiphora. Three years later she 
was found to have symptoms of kerato- 
conjunctivitis sicca. Lacrimal secretion as 
determined by the Schirmer test was not 
completely lacking, but was considerably 


reduced. The diagnosis was confirmed by 
biopsies from the temporal and nasal por- 
tions of the bulbar conjunctiva. It is in- 
teresting that keratoconjunctivitis sicca 
developed in spite of the complete steno- 
sis of the lacrimal duct. The authors agree 
with Spaeth in the emphatic condemna- 
tion of excision of the lacrimal glands for 
epiphora. Ray K. Daily. 


Van Manen, J. G. A special lid plate for 
Ewing’s entropion operation. Ophthalmo- 
logica 121 :259-263, May, 1951. 

Two instruments described by Henry 
and Trabut (Am. J. Ophth. 33 :1,011, 1950) 
were combined into a special lid plate 
that serves well to steady the lid during 
the entropion and trichiasis operations of 
the Ewing type which are widely prac- 
ticed in the Dutch East Indies for the re- 
lief of the effects of trachoma. 

Peter C. Kronfeld. 


Veirs, Everett R. Nonsurgical repair of 
strictures of the lacrimal drainage sys- 
tem. A.M.A, Arch. Ophth. 47 :71-75, Jan., 
1952. 

The treatment of patients with partial 
stenosis of the lower lacrimal canaliculus 
by the use of nylon rods or plastic tubing 
is simple and satisfactory. The nylon rod 
described by the author can be inserted 
into an injured canaliculus immediately 
after an injury, at the time the wound is 
sutured, This is far preferable to trying 
to make a new channel through scar 
tissue later. The polyethylene tubing, 
when it is passed through the lower 
canaliculus, tear sac, and nasolacrimal 
duct, using the thin-walled, blunted 
needle, will cure a large percentage of 
cases of dacryocystitis. (3 figures, refer- 
ences) R. W. Danielson. 


16 
TUMORS 
Auricchio, G. Metabolism of ocular 


tumors. Boll. d’ocul. 30:393-403, July, 
1951. 
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The oxygen consumption of seven cho- 
roidal melanomas and four retinal gliomas 
was measured with Warburg’s mano- 
metric method, and aerobic and anaerobic 
glycolysis was studied. The results are 
summarized in two tables showing, in 
both types of tumors, an elevated aerobic 
glycolysis and a constantly positive excess 
fermentation (factor U). Respiration in 
all experiments was higher than one. 
Similar findings in other tumors suggest 
that the ocular tumors undergo not only 
a morphologic but also a metabolic change 
as compared to their matrix. Histologic- 
ally as well as chemically, the properties 
of the original tissue seem to be altered. 
High glycolysis and low respiration are 
not explained by the malignancy of the 
anaplastic tissue but more probably by its 
decreased vitality. K. W. Ascher. 


Seuss, A., and Stutz, E. X-ray treat- 
ment of retinoblastoma. Strahlentherapie 
85 :589-593, 1951. 

In unilateral retinoblastoma, operation 


is of course the treatment of choice. When 
the disease is bilateral, X ray or radium 
sometimes brings about a permanent cure. 
However, only those cases afe reported 
in which treatment has been successful, 
many more are seen and treated without 
success, and therefore are not reported in 
the literature. About a dozen cases are 
known in which spontaneous regression 
took place. One such case is here de- 
scribed. At three-and-a-half years of age 
one eye had been enucleated and the diag- 
noses of bilateral retinoblastoma had been 
definitely established. Enucleation of the 
second eye was refused. During the fol- 
lowing eight years the disease gradually 
regressed, the vision is unimpaired and 
the general health of the child is good. 
May not apparent cures after X-ray or 
radium treatment actually be spontane- 
ous remissions? Excellent results have 
been reported with radium by English 
workers and these should not be over- 
looked when it is necessary to decide on 


treatment of a second diseased eye. Heal- 
ing by radium therapy far exceeds spon- 
taneous healing and should be carried 
out whenever possible. 

B. T. Haessler. 


Stallard, H. B. Surgery of malignant 
melanoma of the iris. Brit. J. Ophth. 35: 
774-783, Dec., 1951. 

Malignant melanomas of the iris are 
usually of the spindle cell type and con- 
tain much argentophil reticulin. Clini- 
cally there is the nodular type, the flat, 
and the diffuse or “ring” sarcoma. The 
cornea and iris angle,should be carefully 
examined for signs of extension of the 
growth. Enucleation of the eye when 
the tumor is limited to the iris is not 
justified. In the excision of the lesion a 
conjunctival flap is made by cutting it 
from the limbus for one-half the circum- 
ference. An ab externo incision is made 
and the iris is cut outside two iris forceps 
which are used to grasp on either side 
of the mass. The wound is closed by a 
preplaced corneoscleral suture brought 
out through the conjunctiva and tied. 
Sutures at the ends of the flap pull the 
conjunctiva down over the wound, and 
completely cover it. Five cases of suc- 
cessful removal are reported, well illus- 
trated with photographs and _ photo- 
micrographs. In one case the tumor, 
which has extended to the iris root, was 
treated with surface diathermy. The eye 
was subsequently enucleated and careful 
study revealed no histological evidence 
of the malignant melanoma. One tumor 
appeared to be unaffected by unscreened 
radium given four months before ex- 
cision, (10 figures, 16 references) 


Orwyn H., Ellis. 


17 
INJURIES 
Alvis, E. B. Eye care in battalion aid 
stations. J. Missouri M.A. 48:958-960, 
Dec., 1951. 
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Six percent of battle casualties involve 
the eye and almost half of the men are 
unable to return to combat duty. Meth- 
ods of treatment for lost glasses, eye dis- 
eases, burns, wounds near the eye and 
adnexa, and penetrating and lacerating 
wounds of the globe are suggested. At 
least one of the antiseptic drugs, some 
combination of antiseptic and anesthetic 
and 1-percent atropine should be available 
for immediate use in the forward areas. 

Irwin E. Gaynon. 


Corrado, Antonio. Laceration of in- 
ferior rectus muscle by cow’s horn. Ras- 
segna ital. d’ottal, 20:185-200, July-Aug., 
1951. 

The left eye of a 50-year-old farmer was 
struck by the horn of a cow, with result- 
ing complete laceration of the upper lid, 
tear of the bulbar conjunctiva and sever- 
ing the inferior rectus muscle. Rupture 
of the globe was suspected as the eye was 
soft and the vitreous full of blood. Suture 
of the eyelid, and conjunctiva and reat- 
tachment of the inferior rectus resulted in 
good cosmetic appearance, normal vision 
and but slight esophoria and hyperphoria. 
This is the forty-sixth reported case of 
laceration of the inferior rectus. (3 fig- 
ures, 54references) Eugene M. Blake. 


Hull, Forrest E. Management of eye 
casualties in the Far East command dur- 
ing the Korean conflict. A preliminary 
report. Tr. Am. Acad. Ophth. pp. 885-891, 
Nov.-Dec., 1951, 

Approximately 3,200 patients with eye 
injuries or eye diseases were treated in 
the Tokyo Army Hospital from July, 1950, 
to June, 1951, or about 12 percent of the 
total admissions. During that period 126 
enucleations were performed. About 50 
percent of head injuries had associated eye 
damage. Most cases of eye injury are 
seen within 24 hours. The routine emer- 
gency treatment included the use of peni- 
cillin, sulphadiazine or sodium acetamide 


instillation, and sulphacetamide ointment, 
and, in cases of uveal and corneal injury, 
atropine. Removal was attempted in 77 of 
80 cases of intraocular foreign body, suc- 
cessfully in 51, of which 31 were magnetic. 
The Lancaster hand magnet and the Ber- 
mann localftzer were of great value and a 
modified Sweet localization was em- 
ployed. No :ttempt was usually made to 
remove small nonmagnetic foreign bodies 
from the eye. The removal of foreign bod- 
ies within 24 hours after injury is con- 
sidered an important factor in recovery. 
Macular holes were frequently associated 
with contused wounds and subluxated 
lenses. The routine treatment of burns, 
due most often to napalim, battery acid, 
lime and phosphorus included the use of 
local anesthesia, irrigation and 5-percent 
sulphydryl solution in oil or gel. Among 
the antibiotics employed were penicillin, 
aureomycin, streptomycin, chloromycetin, 
and terramycin, none of which apparently 
had any specific advantage. Sulphadiazine 
was considered the most effective of the 
sulpha drugs. Chas. A. Bahn. 


Knapp, Arthur Alexander. Simple re- 
moval of ocular foreign bodies, a manual 
method. J.A.M.A. 148:119, Jan. 12, 1952. 

An eye containing a nonmagnetic 
foreign body is in great danger and 
sympathetic ophthalmia must be guarded 
against. Extraction of the foreign body 
is difficult, is seldom successful, and may 
be followed by blindness, and atrophy, 
necessitating enucleation. The case of a 
young boy is reported; X-ray examina- 
tion of the eye showed a BB shot in the 
vitreous. No wound of entrance was 
found because of edema and hemorrhage 
into the anterior segment. In exposing 
the sclera, traction on the lids with pres- 
sure on the posterior aspect of globe 
suddenly forced the shot out below the 
limbus through the wound of entrance. 
The eye recovered and there was no 
sympathetic ophthalmia. Keeping the 
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head in a position to promote the pull of 
gravity toward the wound, followed later 
by gentle manual expression, will often 
save the eye. This method might also be 
used with magnetic foreign bodies and can 
be performed by any physician without 
special training in ophthalmology. 
Claude L. LaRue. 


Kuhn, Hedwig S. Industrial eye injur- 
ies. Tr. Am. Acad. Ophth. pp. 891-896, 
Nov.-Dec., 1951. 

Through the enforcement of an effective 
eye protective program ninety percent of 
industrial eye injuries could be prevented. 
Such a program primarily involves: 1. a 
survey of the specific eye hazards in- 
volved; 2. the adherence to a predeter- 
mined plan; 3. the prescription, delivery, 
and maintenance, of protective-refractive 
glasses adapted to the industrial needs of 
each individual and maintained by a mo- 
bile or maintenance station; 4. the use of 
only government-approved optical and 
safety merchandise; 5. the ocular exam- 
ination of all employees, old and new; 6. 
the furnishing and maintenance of neces- 
sary safety equipment, such as machine 
guards; 7. prompt and efficient care of in- 
jured eyes. Chas. A. Bahn. 


Kiister, Albert. Injury to the eye from 
thioglycolic acid during a “cold wave” 
permanent. Klin. Monatsbl. f. Augenh. 
119 :616-618, 1951. 


Thioglycolic acid, an ingredient of “cold 
wave” preparations, liberates ammonia 
and may seriously injure the eye. A case 
of injury to the cornea which remained 
unchanged after eight months and was 


uninfluenced by any treatment is re- 
ported. The author instilled a similar solu- 
tion into rabbits’ eyes and brought about 
clouding of the cornea which progressed 
from the periphery deep into the paren- 
chyma. B. T. Haessler. 


Nemec, Hans. A new treatment of caus- 
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tic burns of the eye brought on by indel- 
ible pencils. Klin. Monatsbl. f. Augenh. 
119 :540-542, 1951. 

Basic analine dyes, specifically methyl 
violet, are used in indelible pencils and 
may cause injuries to the eye, such as 
conjunctival necrosis and ulcers and may 
even penetrate the sclera and bring on 
dense scars. Subconjunctival injections of 
vitamin C have been very successful in 
counteracting the discoloration and in- 
flammation brought on by such injuries. 
Vitamin C is likewise applied locally and 
intravenously. B. T. Haessler. 


Schneider, R. C., and Henderson, J. W. 
Penetrating orbital wound with intra- 
cranial complications. A.M.A. Arch. 
Ophth, 47 :81-85, Jan., 1952. 

The authors report a case of penetrat- 
ing wound of the orbit with communica- 
tion between the carotid artery and the 
cavernous sinus. Extensive intracranial 
damage resulted, even though the origi- 
nal wound was slight and immediate 
ophthalmological and neurological 
changes were absent. The neurological 
pattern was confusing and was clarified 
only at autopsy. (3 figures) 

R. W. Danielson. 


Sédan, J., and Halbron, P. Ocular in- 
juries from the spines of sea-urchins. Ann. 
d’ocul. 184:1015-1021, Nov., 1951. 

Sea urchins are small, round, spiny ani- 
mals not uncommon along the Mediter- 
ranean shore. Their numberless spines 
are extremely sharp and fragile. When 
striking the eye they penetrate quite 
deeply, are difficult to remove, frequently 
are toxic and may cause localized necrosis. 
Children often play with sea urchins and 
throw them about like balls. Three cases 
of corneal or scleral perforating wounds 
are reported, two in children and one in 
an adult. In one case enucleation had to 
be done because of a secondary kerato- 
uveitis and global atrophy. The other two 


= 
a 
i 
qd 
ig 
2 


746 ABSTRACTS 


patients recovered with little loss of vi- 
sion. In one patient a partial trephine 
operation was necessary to remove a pen- 
etrating spine and in another a spine had 
to be removed from the anterior chamber. 
Chas. A. Bahn. 


18 

SYSTEMIC DISEASE AND PARASITES 

Chan, Eugene. The ophthalmoscopic 
findings in a case of Banti’s syndrome. 
Ophthalmologica 122:249-252, Oct., 1951. 

In an apparently typical case of Banti’s 
syndrome with moderately severe anemia, 
the author found a peculiar brownish 
tinge of the eyeground, a salt-and-pepper 
appearance of the periphery, slightly nar- 
rowed arterioles and a pale disc. 


Peter C. Kronfeld. 


Dana, G. W., Eversole, S. L., and 
Zubrod, C. G. Hyperglycemia and its 
relationship to diabetic retinitis and 
glomerular nodules: preliminary report. 
Bull. Johns Hopkins Hosp. 90 :98-99, Jan., 
1952. 

An analysis of 190 patients with dia- 
betes mellitus, autopsied at the hospital, 
showed that patients with capillary aneu- 
rysms of the retina, glomerular nodules, 
and hyperglycemia without acidosis have 
a specific metabolic defect different in 
mechanism from simple insulin defi- 
ciency. In 51 patients with glomerular 
nodules in the kidney, 45 had had aneu- 
rysms of the retinal capillaries clinically. 
Retinal aneurysms occurred rarely with- 
out glomerular nodules, (3 references) 

Bennett W. Muir. 


Djacos, C., and Joannidés, T. Sturge- 
Weber-Krabbe disease. Ann. d’ocul. 184: 
994-1014, Nov., 1951. 

This degenerative syndrome is prima- 
rily a cerebral and cutaneous angiomato- 
sis. Its ocular manifestations include an- 


giomata in practically every part of the 
eye, orbit and brain, alone or in combina- 
tion with glaucoma. The basic lesion is 
apparently a genetic predisposition to im- 
paired venous permeability with resulting 
dilatation and metaplasia. Ocular angio- 
mata may be monolateral or bilateral and 
frequently follow the course of the fifth 
nerve. The associated glaucoma is be- 
lieved to be due to increased production of 
aqueous; the anterior chamber angle is 
usually open. The author reports three 
cases in detail to illustrate the principles 
involved. Chas. A. Bahn. 


Francois, Jules. When should we think 
of toxoplasmosis? Ann. d’ocul. 184 :1022- 
1029, Nov., 1951. 

Ocular toxoplasmosis is frequent and is 
often confused with developmental ocular 
malformations. In more than 90 percent 
of the cases reported, the infection oc- 
curred before birth and was binocular. The 
disease is transmitted through the mother 
who may or may not have active evidence 
of toxoplasmosis. Marked differences in 
the severity of the disease in the two eyes 
are frequent. The ocular manifestations 
are part of an inflammatory process which 
involves the meso- and neuroblastic tis- 
sues in different parts of the body. The 
earlier the disease, the more severe the 
symptoms. In both the acute and chronic 
congenital forms, the macular area alone 
is involved in one third of the patients, the 
macular and peripheral areas in a third, 
and the periphery alone in a third, Fundus 
lesions tend to be more diffuse in the last 
group. The less frequent ocular manifes- 
tations include: microphthalmia in 25 per- 
cent, secondary to anterior or posterior 
uveitis ; noninflammatory optic atrophy in 
20 percent, usually secondary to cerebral 
involvement; and other complications 
such as retinal falciform folds and motor 
abnormalities, including nystagmus and 
strabismus. The diagnosis can be made in 
90 percent of potential cases from the 
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symptoms, cerebral calcification and the 
dye test of Sabine and Feldman. 
Chas. A, Bahn. 


Francois, Jules. Unilateral hyperto- 
nicity of the elevator of the lid in Base- 
dow’s syndrome. Acta ophth. 29 :305-327, 
1951. 

The retraction of the upper lid in Base- 
dow’s disease is usually bilateral, but even 
an isolated unilateral retraction should 
suggest hyperthyroidism. The author re- 
ports seven cases of unilateral retraction 
of the upper lid, caused by a disturbance 
in thyroid metabolism and points out that 
this condition is not as rare as is generally 
believed. Unilateral exophthalmos may be 
regarded as definitely hyperthyroid in ori- 
gin if it is associated with retraction of 
the upper lid; three such cases are briefly 
reported. In one case of bilateral exoph- 
thalmos the retraction of the upper lid 
was unilateral. Theories of the pathogene- 
sis of unilateral retraction of the lid are 
critically reviewed, and the author con- 
cludes that the retraction of the upper lid 
in Basedow’s disease is due to an in- 
creased tone of the striated muscle of the 
lid elevator, similar to that observed in 
Parkinson’s disease and in diseases of the 
extrapyramidal tract or hypothalamic cen- 
ters. The hypertonicity is due to a motor 
disturbance in the diencephalo-mesen- 


cephalic centers, which is caused by ex- 


cessive thyrotropic hormone, and is the 
result of pituitary hyperactivity. (12 fig- 
ures, references) Ray K. Daily. 

Friedmann, Martin. Thelaziasis of the 
conjunctiva. Ophthalmologica 122 :252- 
254, Oct., 1951. 

As an addition to a paper reviewed in 
Am. J. Ophth. 33:328, 1950, the author 
reports another case of thelaziasis of the 
conjunctiva which occurred in an ento- 
mologist engaged in entomological sur- 
vey work in San Diego County, Califor- 
nia. The author never saw the patient but 


made the diagnosis from the clinical his- 
tory and the microscopic appearance of 
the worm that worked its way through 
the conjunctiva. Peter C. Kronfeld. 


Lohr, K. The prognostic significance of 
the fundus findings in tuberculous men- 
ingitis when treated with streptomycin. 
Klin. Monatsbl. f. Augenh. 119 :533-540, 
1951. 

The mortality of tuberculous meningitis 
has fallen from 99 percent to about 50 per- 
cent since treatment with streptomycin 
was begun, and the disease may now be 
of many years’ duration. Lohr examined 
the fundus, under atropine, in 55 cases of 
tuberculous meningitis at 8 to 10-day in- 
tervals. There were changes in the fundus 
in 83 percent of all cases observed, most 
of them caused directly by the increased 
cerebral pressure. These consisted of 
peripapillary edema and venus stasis, and, 
later, choked disc up to 4 or 5D, without 
materially influencing vision. 

Five patterns can be distinguished in the 
clinical courses of tuberculous meningitis : 
1. acute meningitis, which rapidly ends 
fatally and is uninfluenced by streptomy- 
cin, 2. gradual healing within 60 days, 3. 
after an acute phase, the disease gradually 
turns into type 2, 4. types 1 and 2 begin 
concurrently so that a distinction between 
them is no longer possible, 5. in any pat- 
tern acute recurrences with toxic manifes- 
tations may occur. The opthalmoscopic 
picture accurately parallels these phases. 
In the encephalotoxic phase, with peri- 
papillary edema and choked disc, progno- 
sis is relatively favorable. When encepha- 
lopathy has developed, atrophic processes, 
from temporal pallor of the papilla up to 
optic atrophy are seen. Prognosis is poor, 
and severe defects remain if the patient 
lives. If tuberculous disease of the blood 
vessels can be seen, prognosis is bad, not 
only as to vision, but also as to life. 

With streptomycin treatment, 51 per- 
cent of children recovered, 14 percent re- 
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tained severe defects, such as complete 
blindness or deafness and internal hydro- 
cephalus ; 4 percent showed mild residua, 
such as temporal pallor of the papilla, 
deafness in one ear, and some psychic 
changes. Only 12 children (22 percent) 
were completely healed. (2 figures, 3 
tables) B. T. Haessler. 


Ludwig A., and Vurdelja, N. Eye find- 
ings in masked encephalitis. Ophthalmo- 
logica 122 :295-307, Nov., 1951. 

The masked or larvate encephalitis 
referred to by the authors leaves in its 
wake a neurasthenia-like complex of 
symptoms of which the Jugoslav neu- 
rologist Vujié and the Italian neurologist 
Calligaris have made special studies. Oph- 
thalmologically these cases are character- 
ized by a low ocular tension (12 to 17 
mm. Hg Schigtz), a strikingly deep 
physiologic excavation and marked ve- 
nous pulsation within this excavation. A 
correlation between the neurological dis- 
order and the eye findings is attempted. 
(References) Peter C. Kronfeld. 


Madrid de Obeid, Ilda. Ocular Tuber- 
culosis. Rev. Fac. de Ciencias med. 9: 
305-347, May-June, 1951. 

A description of tuberculous infection 
in general is given and the concepts of 
tuberculous allergy and immunity and 
their interrelation are discussed. Ocular 
tuberculosis is considered in its relation 
to the pulmonary tuberculosis and the 
experimental work of Woods on im- 
munity and allergy in the ocular disease 
is described. A description of the diag- 
nostic methods and a chapter on treat- 
ment which includes the technique of 
tuberculin therapy, auric therapy and 
methylic antigen follow. In a second part, 
the condition of dacryoadenitis is de- 
scribed and a case is reported. Treatment 
consisted of streptomycin together with 
methylic antigen therapy. Surgical treat- 
ment is not always the only one indicated 


and the value of antibiotics in this con- 
nection is emphasized. (5 figures, 12 
references) A. Arruga. 


Olmer, J., Poursines, Y., and Farnarier, 
G. The retinal manifestations of the acute 
leukemias, Semaine d. hop. Paris 27 :3783- 
3798, Dec. 22, 1951. 

Of 26 patients with acute leukemia 
studied, three had normal eyegrounds 
except for the general anemic aspect of 
fundus and disc. In 20, flame-shaped and 
round hemorrhages were seen. These 
favored the posterior pole, were rarely 
pre-retinal and almost never occurred 
in the vitreous. Repeated examinations 
are essential as the retinal picture varies 
with the anemia and hemorrhages may 
appear or disappear within 48 hours. The 
veins become engorged and tortuous, and 
arteries and veins are of a similar yellow- 
ish color. Exudative white spots are fre- 
quent. Papilloretinal edema was observed 
in eight cases, Isolated, scattered hemor- 
rhages with a clear center are pathog- 
nomonic and were noted in half the cases. 
Retinopathy with hemorrhages occurred 
with the same frequency in acute myelo- 
blastic and acute lymphoblastic anemia. 
The average survival period in patients 
with retinopathy was about ten months, 
while those without retinopathy survived 
three times as long. Histologic studies 
of 11 eyes showed leukemic infiltration 
of the choroid at the posterior pole and 
in the perivascular spaces. 

James E. Lebensohn. 


Radnot, M., and Wailner, E. Newcastle 
virus disease of man. Klin. Monatsbl. f. 
Augenh. 119 :477-480, 1951. 

Newcastle virus disease is not as rare 
in man as has been thought. The authors 
report 11 cases, which brings the reported 
total to 54. Probably many more are un- 
recognized, There is swelling of the lids 
and conjunctival injection with very little 
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secretion. This disappears after six to 
eight days, and cultures are negative. The 
preauricular glands are swollen and pain- 
ful, headache and fever are present. 
Chickens and turkeys are the fowls most 
commonly affected and only through in- 
timate contact with the diseased birds 
does man acquire the disease. There is no 
leucocytosis lymphocytosis, butya 
transitory monocytosis may exist. Penicil- 
lin and aureomycin are therapeutically in- 
effectual. B. T. Haessler. 


Rieger, H. Toxoplasmosis acquired in 
adult life. Klin. Monatsbl. f. Augenh. 119: 
459-476, 1951. 

Adult toxoplasmosis is generally a la- 
tent disease that rarely leads to death and 
is demonstrable only by positive skin and 
serum reactions. This latent form may be- 
come active under the special stresses of 
hunger, pregnancy or disease. Then it is 
manifest in the eye as a central external 
exudative retinitis. Four such cases are 
reported by Rieger. There was involve- 
ment of the retinal vessels and a condition 
resembling circinate retinitis in all the pa- 
tients and one patient also had paresis of 
the inferior oblique. Skin tests and serum 
reaction (Sabin) were positive in all cases. 
Rieger considers central external exuda- 
tive retinitis as a toxoplasmotic retinitis 
of the adult, and believes it should be so 
termed. Some cases of perivasculitis of 
the retina which have been thought to be 
due to tuberculosis are probably toxoplas- 
motic in origin, and certainly all cases of 
infectious disease of the liver should be 
tested for toxoplasmosis. (3 figures) 

B. T. Haessler. 


Tanoue, Akira. Ocular symptoms of 
Basedow’s disease. Acta Soc. Ophth. 
Japan 56:1-9, 55-60, Jan., 1952. 

In 13 cases of typical Basedow’s dis- 
ease, the course of dark adaptation was 
followed and a decreased light sense was 
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found in 9 of the 13 patients. In four of 
the nine patients there was a recovery of 
light sense after thyroidectomy and in 
three after the administration of vitamin 
A. In the other two patients recovery re- 
sulted only after a combination of vitamin 
and surgical treatment. 

In 30 cases of Basedow’s disease the 
author performed a Maddox rod test at 
20 cm. and 5 m. He found no exophoria in 
any of the patients and therefore con- 
cluded that Moebius’ sign has nothing to 
do with a functional insufficiency of the 


internal rectus muscle. 
Yukihiko Mitsui. 


Thies, Oscar. The mucocutaneous ocu- 
lar syndrome of Fuchs. Klin. Monatsbl. f. 
Augenh, 119 :486-494, 1951. 

In 1950 Thies described two cases of 
exudative erythema multiforme (Klin. 
Monatsbl. f. Augenh. 116) affecting the 
eyes. In the present paper he attempts to 
correlate this disease with that described 
by the dermatologist Proppe in the Arch. 
f. Derm. 183:392, and called by him the 
acute mucocutaneous ocular syndrome of 
Fuchs, It is a distinct entity and not to be 
confused with pemphigus or the symptom 
complex known as ophthamlia lenta (Gil- 
bert). The cyanosis and swelling of the 
face, ulceration of mucous membranes, the 
severe conjunctivitis, fever, headache and 
characteristic exanthem heal completely 
within four weeks and there are no re- 
currences. Proppe suggests that all the 
disease complexes described by various 
workers which fit this clinical picture, 
should be unified under the name mucocu- 
taneous ocular syndrome of Fuchs. 

B. T. Haessler. 


Walsh, Frank B. Papilledema associ- 
ated with increased intracranial pressure 
in Addison’s disease. A.M.A. Arch. Ophth. 
47 :86, Jan., 1952. 


Thrombosis of the intracranial dural 
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sinuses was the probable explanation for 

the ocular signs in this probably unique 

case of papilledema in Addison’s disease. 
R. W. Danielson. 


19 
CONGENITAL DEFORMITIES, HEREDITY 


Bock, R. H. Epibulbar dermoids asso- 
ciated with malformation of one half of 
the face. Ophthalmologica 122 :86-90, Aug., 
1951, 

In one of identical twins multiple epi- 
bulbar dermolipomas were associated 
with marked underdevelopment of one 
side of the face. The other twin was nor- 
mal in every respect. 

Peter C. Kronfeld. 


Chinaglia, V., and Bello, D, Cranio-or- 
bito-facial dysostosis (a clinical and etio- 
logical study, with particular reference to 
Crouzon’s disease). Ann. di ottal. e clin. 
ocul. 77 :383-417, Oct., 1951. 

The authors report three cases of dysos- 
tosis of the cranium and face which they 
classify as Crouzon’s craniofacial dysos- 
tosis (ocular hypertelorism). The pa- 
tients were unrelated, and in only one 
case was there any possibility that the 
disease might have been hereditary or fa- 
milial, From the clinical and radiologic 
data, the authors conclude that an inflam- 
matory process in prenatal life had caused 
precocious synostosis of the cranial su- 
tures with secondary intracranial hyper- 
tension, ocular lesions, and anomalies in 
the structure of the face. Further investi- 
gation is needed to determine whether 
this hypothesis can be related to what is 
now known about ocular embryopathies of 
viral origin. (References) 

Harry K. Messenger. 


Sussman, I. A new variety of the syn- 
drome of Bardet-Biedel: adiposogenital 
dystrophy, external ophthalmoplegia, 
polydactyly, mental deficiency, and hypo- 
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plasia of the hypothenar eminences. Arch. 
d’opht. 11 :661-676, 1951. 

Sussman reports the case of a girl, 19 
years old, whose parents are first cousins 
and who presented an external ophthal- 
moplegia of the supranuclear type with 
bilateral ptosis, adiposogenital dystrophy, 
polydactyly, mental deficiency, and hypo- 
plasia of the hypothenar eminences. He 
considers that the case should be con- 
sidered a variant of the Bardet-Biedl syn- 
drome in spite of the absence of retinitis 
pigmentosa and the fact that he could find 
no reference in the literature to an associ- 
ation of hypoplasia of the hypothenar 
eminences with the syndrome. He de- 
scribes the typical syndrome and _ its 
variants in detail and mentions the rela- 
tive frequency of the variants. A family 
tree of the patient is included and a black 
and white photograph showing the obes- 
ity, the small stature, the polydactyly, 
and the microcephaly. (Extensive refer- 
ences) P. Thygeson. 
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HYGIENE, SOCIOLOGY, EDUCATION, 
AND HISTORY 

Biré, I. Ophthalmologic considerations 
of consanguineous marriage. Klin. 
Monatsbl. f. Augenh. 119 :585-596, 1951. 

In consanguineous marriages, those 
characteristics, normal or pathologic, oc- 
cur in the offspring which in the parents 
were present in heterozygous form and 
were therefore not manifestly apparent. 
The greater the number of pathologic re- 
cessive characteristics, the greater will be 
the hereditary defects in a certain per- 
centage of the children. It is not the de- 
gree of consanguinity that determines 
complications in the offspring, but the fact 
that the parents carry such a pathologic 
heterozygous recessive that it will appear 
in the offspring as a homozygote reces- 
sive. 

The ophthalmologic literature has many 


ABSTRACTS 751 


examples of diseases that resulted from 
consanguinity. Most of them consist of 
cerebro-retinal or retinal diseases, but 
many other disturbances have also been 
listed. Bird gives 16 case histories of pa- 
tients with the following diseases: pig- 
ment degeneration of the retina, degen- 
eration of the macula, albinism (in 25 to 
33 percent of cases of albinism consan- 
guinity of the parents has been proven), 
dystrophia adoposo-genitalis with hori- 
zontal nystagmus, congenital dislocation 
of the lens, blepharochalasis in two sis- 
ters, monocular high myopia with aniso- 
metropia, and high hypertropia. 

In 1946, Sos made an extensive study 
of consanguinity in a remote mountainous 
region of Hungary. In one family of 125 
persons there were 29 consanguineous 
marriages; 40 of these could not be ex- 
amined, of the other 86, 23 individuals 
were completely and 10 partially incapaci- 
tated from earning a living by cretenism, 
blindness, deafness and other defects. 
Bird concludes that the harm done by 
consanguineous marriage to individuals 
and communities far outweighs the pos- 
sible advantages of conserving special 
gifts*by heredity. (2 figures, references) 

B. T. Haessler. 


Duguet, J., and Mercier, A. Ophthalmic 
problems created by stratospheric flying 
and supersonic speeds. Ann. d’ocul. 184: 
969-993, Nov., 1951. 

A plane moving faster than sound could 
easily collide with another plane before 
the pilot could make corrective move- 
ment. In the two and one-half seconds 
which are necessary for a pilot to see an 
approaching object, orient his plane, look 
at the dashboard, and alter the controls, 
his plane traveling at the speed of 1,000 
miles per hour would have traveled more 
than a half mile. This time is further 
modified by the location and amount of 
the retinal stimulus, accommodation, con- 
vergence and fatigue. When the tempera- 


ture is 15°C. at sea level it is —56°C, ata 
height of 11,000 m. The external eye be- 
gins to freeze in 90 seconds at —40°C. 
Supersonic speeds begin at 760 miles per 
hour near sea level. Sonic and supersonic 
vibrations from within the plane and from 
the external air unable to escape the plane, 
may affect the eyes in two ways. The first 
is primarily a disturbance or fixation‘with 
the body as an elastic mass which absorbs 
these vibrations more or less successfully. 
The second type of vibration is called 
shock and may be associated with trau- 
matic lesions ranging from slight hemor- 
rhage to rupture of the eyeball. At high 
speeds angular deviation is of less impor- 
tance than the abnormal smallness of dis- 
tant objects. Helmet protection against 
burns of the face and eyes is necessary in 
parachute landings from stratospheric 
heights, because air friction against the 
body may produce temperatures as high 
as 600°C, Suitable protection is also neces- 
sary against glare which is ten times 
greater at stratospheric heights than at 


sea level. (7 figures, references) 
Chas. A. Bahn. 


Granal, Maurice. Trachoma in Roussil- 
lon. Rev. intern. du trachome 28:7-20, 
1952. 

Indigenous trachoma, once rampant in 
this French district, has practically dis- 
appeared. The drainage of marshlands 
which resulted in an improved standard 
of living, not prophylaxis or treatment, 
accounts for the present favorable status. 

James E. Lebensohn. 


King, J. H., Jr. Research in the Army as 
it pertains to ophthalmology. Tr. Am. 
Acad, Ophth. pp. 880-885, Nov.-Dec., 1951. 

At present there are 218 research con- 
tracts with nonprofit organizations and 
342 Army sponsored projects. Ocular re- 
search units are interested in visual stand- 
ards in the different branches of military 
services, optical equipment, malingering, 
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ophthalmic training, protective goggles, 
and the treatment of ocular injuries. 
Chas. A. Bahn. 


Maxwell, Earl. Research in the Air 
Force as it relates to ophthalmology. Tr. 
Am. Acad. Ophth. pp. 872-880, Nov.-Dec., 
1951. 

With increasing speeds and altitudes in 
aviation the research problems involving 
vision have tremendously increased in im- 
portance, number, and complexity. These 
include such varied subjects as windshield 
and cockpit design, runway operations 
and the best location of bombardiers and 
gunners, as well as visual efficiency tests 
for pilots. Fighter plane pilots with 20/10 
vision have a marked advantage over 
those with 20/20 vision. The use of cor- 
rective glasses has many disadvantages. 
Contact glasses are being used experimen- 
tally by the British in selected cases and 
their use is being studied by American 
pilots. Ocular protection from shock 
waves and a better ophthalmic under- 
standing of the prone position for naviga- 
tors are of great importance. The best 
means of protection against blackouts and 
scotomata caused by decreased barometric 
pressure and excessive glare, which is ap- 
proximately ten times greater than at sea 
level, are problems still to be studied. 

Chas. A. Bahn. 


Schilling, C. W. Visual research in the 
United States Navy. Tr. Am. Acad. 
Ophth. pp. 868-872, Nov.-Dec., 1951. 

Among the basic problems studied by 
the Navy are tests for night blindness, 
the determination of visual thresholds, 
the characteristics of retinal responses, the 


development and evaluation of multitests 
and screening devices for military person- 
nel. Many of the investigations require 
the coordinated efforts of physicians, psy- 
chologists, and physiologists. The estima- 
tion and correction of refractive errors and 
the constructive use of monocular and bi- 
nocular instruments in naval services have 
been studied. The technical problems in- 
volved in the construction and use of in- 
struments on panels, as in airplanes and 
submarines, are explained to illustrate the 
varied character of Navy visual research. 


Chas. A, Bahn. 


Tabone, V. Anti-trachoma campaign in 
Gozo. Rev. intern. du trachome 28:55-61, 
1952. 

The island of Gozo near Malta has a 
population of about 28,000. A survey in 
1948 showed that school children had the 
greatest incidence of trachoma. Of 4,058, 
721 were trachomatous. Sodium sulfacet- 
amide was the treatment employed. Full 
oral doses were given for ten days, the 
30-percent solution was instilled three 
times daily and the 6-percent ointment 
was used at night. After 22 months, only 
six cases of trachoma were seen in the 
schools. James E. Lebensohn. 

Wilczek, M. Prevention of ophthal- 
mia neonatorum with penicillin. Klinika 
Oczna 21:79-81, 1951. 

The author describes his results on 
2,000 new born infants using penicillin 
emulsion in paraffin oil with beeswax, 
5,000 units per mil. In no case was there 
an infection or even irritation of the eyes. 

Sylvan Brandon. 
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601 Union Trust Building, Cincinnati 2 


News items should reach the editor by the 12th of the month but, to receive adequate publicity, notices of 


postgraduate courses, meetings, and so forth should be received at least three months before the date 
of occurrence. 


DEATHS 


Dr. Samuel Faust Nabers, Birmingham, Alabama, 
died December 15, 1951, aged 77 years. 


ANNOUNCEMENTS 
ORTHOPTIC COURSE 


The American Orthoptic Council announces that 
its annual intensive course in orthoptics will be 
presented in St. Louis, Missouri, from July 1, 1952, 
through August 30, 1952. The tuition is $150.00, 
$50.00 of which is payable at the time of application 
as a matriculation fee. 

The council requires a minimum of nine months 
for certification and those taking the course receive 
credit for two months. The remainder of the train- 
ing time is spent in practical work similar to an 
internship at any one of a number of approved 
training places. All practical training must be 
completed under the supervision of an orthoptic 
technician who has received the council’s certificate. 

The council endeavors to place all students for 
practical training if they have not already made such 
arrangements prior to taking the course. Because of 
administrative reasons, few training places will ac- 
cept students for training for periods of less than 
nine months. 

Inquiries for further information or for applica- 
tions may be addressed to Dr. Richard G. Scobee, 
American Orthoptic Council, 640 South Kingshigh- 
way, St. Louis 10, Missouri. 


EXAMINATIONS 


The annual examination of orthoptic technicians 
by the American Orthoptic Council will be con- 
ducted in September and October, 1952. 

The written examination will be nonassembled 
and will be on Thursday, September 4th, in certain 
assigned cities, and will be proctored by designated 
ophthalmologists. 

The oral and practical examinations will be on 
Saturday, October 11th, in Chicago, just preceding 
the meeting of the American Academy of Ophthal- 
mology and Otolaryngology. 

Application for examination will be received by 
the office of the secretary of the American Orthop- 
tic Council, Dr. Frank D. Costenbader, 1605 22nd 
Street, N.W., Washington 8, D.C., and must be 
accompanied by the examination fee of $30.00. Ap- 
plications will not be accepted after July 1, 1952. 


BASIC COURSE IN OPHTHALMOLOGY 


The Department of Ophthalmology of Washing- 
ton University’s School of Medicine is in the process 


of forming its 1952-1953 class for the basic course 
in ophthalmology. The next session begins Septem- 
ber 15, 1952, and ends May 15, 1953. Tuition is 
$800.00 and the course is approved by the Veterans 
Administration. Instruction includes 393 hours of 
didactic work and 759 hours of clinical work. 

With the clinical background gained during the 
course, the average student can usually take full 
advantage of a residency and will require close 
supervision chiefly for surgical work. The course 
is limited to an enrollment of 12. 

All inquiries or applications should be addressed 
to: Dr. Richard G. Scobee, director of graduate 
training in ophthalmology, 640 South Kingshighway, 
St. Louis 10, Missouri. 


YALE POSTGRADUATE COURSE 


Dr. Charles Schepens, in charge of the retinal 
service, Massachusetts Eye and Ear Infirmary, 
Boston, was the guest speaker at the Yale Uni- 
versity School of Medicine Postgraduate Course in 
Ophthalmology on March 14th. His subject was 
“Retinal separations.” Dr. Schepens reviewed a 
concept of the mechanism of retinal separation and 
showed a motion picture of his method for localiza- 
tion of tears, and colored still Kodachromes of 
retinal separations. Also, his surgical treatments 
were outlined. 

Many questions and comments followed. Dr. Al- 
exander Van Heuven, who introduced the speaker, 
felt that choroidal detachments following retinal 
separation were even more frequent than quoted 
by Dr. Schepens, Dr. Eugene Blake asked if Dr. 
Schepens had ever heard of or seen holes in toxemia 
of pregnancy. The speaker said he had not. Dr. 
Gregory Flynn asked the order of treatment of a 
patient with a cataract obscuring a known separa- 
tion. Dr. Schepens said he would do the separation 
surgery first and attempt an intracapsular as the 
second step. Dr. Francis P. Guida asked about 
scleral ectasia complicating separations. Dr. Sche- 
pens favored partial thickness removal of the sclera 
preceded by diathermy before closure. 

The meeting was preceded by a clinical case of a 
peripheral separation that was flat on the first 
dressing and the patient was therefore permitted 
to be up out of bed on the sixth postoperative day 
with a good result. 

On February 29th, Dr. Frederick A. Wies was 
speaker at the postgraduate course. His subject was 
“So-called low tension glaucoma.” He reviewed the 
literature on this type of glaucoma including past 
and present ideas on this disease and gave a detailed 
description of a clinical case taken from his own 
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office. A lively discussion followed with principal 
comments and discussion led by Dr. Eugene M. 
Blake. 

The meeting was preceded by an unusual case of 
glaucoma in a 21-year-old white man who presented 
both serious diagnostic and therapeutic problems. 
Course IN PSYCHIATRY AND NEUROLOGY 

The University of California School of Medicine 
announces a postgraduate course in psychiatry and 
neurology to be given at the Langley Porter Clinic, 
San Francisco, August 25 through October 31, 
1952. The course is open only to qualified physicians, 
and the fee of $200.00 is payable in advance. 

For further information, write to Dr. Stacy R. 
Mettier, head of postgraduate instruction, Medical 
Extension, University of California Medical Center, 
San Francisco 22, California. 

MISCELLANEOUS 
CONFERENCE ON TRACHOMA 

When the committee on trachoma of the World 
Health Organization began its first session in 
Geneva on March 3rd, trachoma experts from the 
United States, Tunisia, Portugal, Morocco, Japan, 
Italy, and Egypt were in attendance. Subjects on 
the agenda for the meeting were: measures for 
control of trachoma, particularly among children; 
modern methods of treatment; international co- 


ordination of scientific research; and prevention of 
spread of trachoma through international traffic. 


OCULAR MOTILITY COURSE 

A postgraduate course in “Ocular motility” was 
given at the Percy Jones Army Hospital, Battle 
Creek, Michigan, under the direction of Col. Arnold 
A. Albright (MC) on March 12th to 14th. On the 
faculty were: Dr. Richard G. Scobee, St. Louis; 
Dr. James D. Sleight, Battle Creek; Dr. Don 
Marshall, Kalamazoo; and Miss Edith Roth, orthop- 
tist, Percy Jones Army Hospital. 
MASSACHUSETTS ALUMNI MEETING 

The annual meeting of the Massachusetts Eye and 
Ear Alumni Association was held on April 15th and 
16th at the Massachusetts Eye and Ear Infirmary, 
toston. On Tuesday, the program included a sur- 
gical clinic in the morning and the presentation of 
the following papers at the afternoon and evening 
sessions : 

“Some aspects of narrow-angle glaucoma,” Dr. 
Paul A. Chandler; “Low-tension glaucoma,” Dr. 
W. Morton Grant; “Flutterlike oscillations of the 
eyes and ocular dysmetria,” Dr. David G, Cogan; 
“Plastic surgery of the eyelids,” Dr. Garrett L. 
Sullivan; “Burns of the eye and adnexa,” Dr. 
Brendan D. Leahey; “Biographical sketch of Wil- 
liam MacKenzie,” Dr. David Johnson; “Basic as- 
pects of visual field study,” Dr. Hugo L. Blair, 
Mayo Clinic, Rochester, Minnesota. Dr. William 
P. Beetham presided at this meeting. 

Following the surgical clinic on Wednesday morn- 
ing, Dr. Albert N. Lemoine presided at the after- 
noon session at which the following papers were 
presented : 


“Electron microscopy in biology and medicine,” 
M. A. Jakus; “Clinical application of flicker fusion 
fields,” Dr. Albert N. Lemoine, Jr.; “Adherent 
rectus syndrome,” Dr. Lorand V. Johnson; “Visual 
problems associated with exposure to atomic flash,” 
Dr. Gustav C. Bahn; “An anomaly of retinal ves- 
sels,” Dr. Mahlon T. Easton; “An unusual type of 
degenerative retinopathy,” Dr. Hugh D. Donahue. 
Dr. Julian F. Chisholm, Jr., presented a moving 
picture on “An unusual eye injury.” 


Societies 
PENNSYLVANIA ACADEMY 


Guest speakers at the annual meeting of the 
Pennsylvania Academy of Ophthalmology and Oto- 
laryngology on May 8th through 11th at the Galen 
Hall Hotel, Wernersville, were: Dr. M. Royden 
Astley, Philadelphia; Dr. Ben H. Senturia, St. 
Louis; Dr. O. E. Hallberg, Rochester, Minnesota ; 
Dr. Herman Elwyn, New York; Dr. James B. Cos- 
ten, St. Louis; Dr. Lawrence R. Boies, Minne- 
apolis; Dr. Alson E. Braley, Iowa City; Dr. Ed- 
mund B. Spaeth, Philadelphia; Dr. Dean M. Lierle, 
Iowa City; Dr. William Councilman Owens, Balti- 
more; Dr. Paul A. Chandler, Boston. 


BROOKLYN MEETING 


At the 120th regular meeting of the Brooklyn 
Ophthalmological Society, the following case reports 
were presented : 

“A case of iritis simulating a solitary tubercle 
of the iris,” Dr. Arthur Shainhouse; “Toxic bi- 
lateral optic neuritis: Probably due to chloramphe- 
nicol,” Dr. Nathaniel R. Katlan; “Congenital ocular 
facial palsy,” Dr. Aaron Roth ; “Lymphosarcoma of 
the right orbit, reticulin-cell type,” Dr. Benedict 
Rizzuti; “Corneal dystrophy: Possible Bowen’s 
disease,” Dr. Martin Ackerman; “Lymphosarcoma 
of orbits,” Dr. George A. Graham; “Encysted glass 
foreign body of eyelid and radiologic study of glass 
foreign bodies,” Dr. Regina Gilroy. 


READING GUEST SPEAKER 


Dr. P. Robb McDonald, Philadelphia, was guest 
speaker at the 123rd regular meeting of the Read- 
ing (Pennsylvania) Eye, Ear, Nose, and Throat 
Society. Dr. McDonald spoke on “The use and 
abuse of miotics and mydriatics.” 


OFFICERS OF MEXICAN SOCIETY 


Officers elected by the Mexican Society of Oph- 
thalmology to serve for the following year are: 
President, Dr. Daniel Silva; vice-president, Dr. 
Manuel de Rivas Cherif ; permanent secretary, Dr. 
Raul A. Chavira; annual secretary, Dr. Robert 
Quiréz B.; treasurer, Dr. Jorge Meyran; director 
of the society’s publication, Dr. M. Puig Solanes; 
commission of honor, Dr. Lino Vergara, Dr. Abel- 
ardo Zertuche, and Dr. Ramon Olivera Lopez ; com- 
mission of admission, Dr. Armando Ramirez, Dr. 
Teédulo Manuel Agundis, and Dr. Francisco 
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@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


This statement of the Guild's purpose is reprinted from the cover of the REFER- 
ENCE LIST OF GUILD OPTICIANS, a geographical index of all our members. 
If you would like a copy, just drop a penny post card to 
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GREEN'S ELECTRIC TREPHINE 


IMPROVED MODEL BY DAVID KADESKY, M.D. 


The instrument simplifies the operation of trephining for Glaucoma or Corneal Transplantation. 
Blades are provided with a shoulder that prevents penetration beyond 1.1 mm., and are 
available in 14% mm., 4.5, 4.6, 5.5, 5.6, 6.5, 6.6, mm. diameters. 


Trephine, case, and two 1% mm. blades 


PARSONS OPTICAL LABORATORIES, INC. 
518 Powell Street San Francisco 2, Calif. 


Eye Catalog sent upon request. 


New! 
Ptosis Clamp and Lid Everters 


for resection of the Levator. 


RAYNOLD M. BERKE, M.D. 


23%6A* Ptosis Clamp, has serrated blades, 20 mm jong. It 
1. Grasps the Levator muscle securely. 
2. Prevents folding or bunching of muscle. 
3. Facilitates freeing of the Levator from its several attachments. 
4. Holds the Levator tendon flat and maintains uniform tension on the 
1 Stainless Steel $15.00 


236B* Lid Everters, to double evert the upper Lid, which gives excellent ex- 
posure, and simplifies dissection of the Levator muscle. Used as retrac- 


tors 7 facilitate placement of the sutures. The two ends of each in- 
strument are graduated in size to “fit” any Lid from infant to adult 


Stainless Steel ea. $6.50 
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Storr Instrument Company 4570 Audubon Ave., St. Lovis 10, Mo. 
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PRESCRIPTION OPTICIANS 
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ST. LOUIS, MO. 
Erker Bros, Optical Co. 


610 Olive Street 
518 N. Grand Boulevard 
and Clayton, Mo. 


Prescription Opticians Since 1879 


Dow Optical Co. 
PRESCRIPTION SPECIALISTS 


Suite 1015 30 N. Michigan Avenue 
Chicago, Illinois 
Phone RAndolph 6-2243-44 


DEALERS IN OPHTHALMOLOGICAL 
EQUIPMENT 


NEW YORK CITY 


Optician Established 1875 

520 Fifth Ave., New York 

255 Livingston St., Brooklyn 

Member Guild of Prescription Opticians of 
America 


AITCHISON & COMPANY 


OPTICIANS 


A Dispensing Service of Accuracy, Style and 
Comfort in Distinctive Eye Wear. 


New York 17, New York 21, 


483 Fifth Ave. @ 655 Madison Ave. 
N.Y. N.Y. 


CHICAGO, ILL. 


ALMER COE & COMPANY 
Prescription Opticians 
Established 1886 
10 N. Michigan Ave. 


1645 Orrington Ave., Evanston, Ill. 


PORTLAND, ORE. 


Hal. H. Moor, 315 Mayer Bldg. ®) 


Guild Optician 


Oculists’ prescriptions exclusively 


CINCINNATI, OHIO 
L. M. Prince Co. 


Established 1872 
Prescription Opticians 
Sole makers of Coflexic 


Corrected Curve Lenses 
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AValuable Hand IIluminator... Shahan Slit Lamp 


Convenient—efficient-—the low cost Sha- 
han hand slit lamp projects a powerful 
beam of light for detail examination of 
the cornea, the lens, and the anterior por- 
tion of the vitreous by focal illumina- 
tion. Moving the lamp away from the eye 
increases the spot of light from a bril- 
liant slit to a broader beam, making the 
instrument useful for office operative pro- 
cedures, too. 


The lamp is light in weight, nicely bal- 
anced, has a black nickel finish. It uses 
a standard, inexpensive, 6-8 volt automo- 
bile type lulb, operating from any stand- 
ard AC transformer designed for such 
small lamps. Complete with cord and 
switch, each, $19.75 


Instrument Makers To The Profession Since 1895 


I Mueller and Companyss0 S. Honore Street, Chicago 12, Illinois 


For Cases of Low Visual Acuity 


CORPORATION 


" 

| 

Available in two powers. Spectel tele- 

scopic spectacles provide retinal image 

. magnification of 1.7 or 2.2 diameters. Ex- F 

¢ perience has shown that they effect sub- ae 

Prescribing Spectel telescopic spec. 

| ! | Given in Bulletin 302. which can be ob- 
; | tained from your supplier or direct from us 

throughout | : 

Distributed in Canada by 9 
Imperial Optical Company. Brooklyn 11, New York 
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OPHTHALMIC INSTRUMENTS 
OF PRECISION 


1S WIGMORE STREET, 
LONDON, 
ENGLAND. 


-Rodenstock INSTRUMENTS ARE+ 


REALLY DEPENDABLE! 


tHe New Rodenstock 
EYE-REFRACTOMETER 


permits instantaneous readings of spherical and 
cylindrical refractions including inclination of the 
axis. Enables you to diagnose objectively in cases 
like children and illiterates and is equally effective in 
cases of pin hole pupils, as size of small pupil has 
no effect. Results obtained give an accurate basis 
for subjective check-up. Once you use a RODEN- 
STOCK eye-refractometer, you'll never be without it. 


Range from plus 20.0D to minus 20.0D 


Rodenstock VERTEX REFRACTIONOMETER 
gives you— 
@ Range from plus 25D to minus 25D. 
* — measurements of spheric, astigmatic, combination lenses and prism 
effects. 
@ At a glance, readings of all measurements in the field of ocular, simul- 
taneous to focusing. 
@ Axis marking devise marks the 
inder axis. 
Streamlined modern case houses the 
completely dust-proof mechanism. 1 


ANTON HEILMAN 75 MADISON AVE., N.Y.C. 16, N.Y. 
Send me information on the [_] Eye-refractometer [_] Vertex Refractionometer 


MAIL THIS COUPON 
TODAY! 
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THE UNIQUE 


GOLDMANN SLIT LAMP 


® One Arm Control 


¢ Hruby Lens for Fundus Exam- 
ination 


Many Other Advantages 


U.S. Agents Also for: 
Perimeters, Ophthalmometers and 
Other Ophthalmological Equip- 
ment. 

ALFRED P. POLL 


Dispensing Opticians 
ALLOWANCE FOR POSER LAMPS IN TRADE IN VERE 


GREINER & MUELLER 


Expert makers 
of artificial human eyes 


GLASS & PLASTIC 


Eye making has been a family tradition 
with us since 1835. 


55 E. Washington St. . . . Chicago 2, Ill. 
Phone FR 2-4449 
Branches at Kansas City, Mo., Detroit, Mich. 


Our visit Milwaukee, Mad Minneapolis, and St. 
regularty. Serving the M West since 1924. 


ritens a a ns 
1. Free From Danger of Injury to The Eyes. 

2. Will Not Fall Out of The Eye. 


3. Safe For All Sports, Including Swimming. 
4. Custom Made to Fit The Eye. 


WRITE FOR BROCHURE g 
ug 49 EAST 51st STREET © NEW YORK 22, N.Y. 
Migs. of all Types of Contact Lenses 
BRANCHES IN 


PHILADELPHIA ... MONTREAL . . LONDON 
JOHANNESBURG . . . SHANGHAI 


® 


XXX 

| 

= 

ths making of 

| : 


AMERICAN JOURNAL OF OPHTHALMOLOGY XXXI 


THE NEW SYNOPTISCOPE 


The Ideal Instrument for the diagnosis of Squint 


# Employing new mechanical 


feature with maximum range 


of movements, both inde- 


pendent and coordinated. 


Price $450.00 


At the showrooms of 


CURRY & PAXTON INC. 


101, PARK AVENUE, NEW YORK 17, N. Y. 


For Bifocals and Trifocals 
that meet exacting require- 


ments . . ‘or t best 

special purpose lens for con- A ge 
trolled optical centers . . . u“ scription 
For vocational and other 
needs where a large seg is 


— eee the 


cen-cor Jounal 
multifocals would be a 


© Controlled Resultant Centers 
@ Regular ond High Segments 


The Cen-Cor is but one of a com- 


plete line of multifocal lenses avail- 
able at Benson's. Gi ft 


oratories in Minneapolis and ; 
cone ot to a friend 


most welcome 
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HARVARD MEDICAL 
SCHOOL 
Courses for Graduates 


OPHTHALMOLOGY 


September 29 to December 20, 1952 


Clinical Ophthalmology and 
Ocular Pathology 


January 5 to February 7, 1953 


Fundamentals in Refraction and 
Ocular Motility 


February 9 to March 7, 1953 


For further information, apply to 
Assistant Dean, Courses for Graduates 
Harvard Medical School 
Boston 15, Massachusetts 


Basic Sciences in Ophthalmology 


NEW YORK UNIVERSITY POST- 
GRADUATE MEDICAL SCHOOL 
477 First Avenue, New York 16, N.Y. 


SUMMER COURSES 
offered by 
Department of Ophthalmology 


NEURO-OPHTHALMOLOCY 


5 days, part-time, 9 a.m. to 12 m. 
July 14 through 18, 1952 


PERIMETRY 
5 days, part-time, 2 to 5 p.m. 
July 14 through 18, 1932 


OPHTHALMOSCOPY 


5 days, part-time, 9 a.m. to 12 m. 
July 21 through 25, 1952 


OCULAR THERAPEUTICS 


5 days, part-time, 1 to 4 p.m. 
July 21 through 25, 1952 


OPHTHALMOLOGY (Graduate Course) 
September 29, 1952 through June 12, 1953 


A nine months’ full-time course in the basic 
sciences as applied to ophthalmology, the successful 
completion of which is to be followed by a residency 
in a hospital approved by the school. 


For further information and application, address : 
Office of the Dean, Post-Graduate Medical School 
(A Unit of the New York University-Bellevue 
Medical Center) 


It Will Pay You 


to look through the advertising 
pages of this Journal. 


We discriminate as to the quality 
and reliability of the advertising 
accepted for the 


AMERICAN JOURNAL 
of OPHTHALMOLOGY 


Pioneered by Austin Belgard 


The 


Phoro-Lenscorometer 


lor use with Green's Refractor to measure vertex dis- 
tance, just clear instrument of lenses, place Phoro- 
Lenscorometer through opening, making contact with 
patient’s closed lid—and read direct. No computing 


necessary. 


Each $12.75 


ConAcor IS A TECHNICAL IMPROVEMENT! 


Prism hase out at converging point in plus lens neutralized with ConAcor Bifocal Seament. 


ConAcor has America talking about optical center control: Its precision design assures 
trial lens comfort at near point. The ConAcor lens is a special bifocal originated and 
developed by Austin Belgard for “individualized” optical center control. 

When optical center control is needed for a true translation of your prescription, 


ConAcor is the accepted lens. 


OPHTHALMIC OPTICIANS 
9th Floor 
10? N. Wabash, at Washington (Fermerly Betgard, Inc.) Chicazo STate 2-5362 
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Offers 


for Professional Benefit... 


Monoplex 
All-Plastic Eyes 


Alterable at any time to 
conform to socket contour, 
comfortable to wear... 
natural in appearance. 

In manufacture, no toxic 
elements introduced. 


Orbital Implants 


Integrated and Buried types. 
Available in Methyl-Methacrylate 
and Kel-F. Monoplex Eyes are 


easily fitted to these implants. 


Contact Lenses 


Conventional type, 
custom-molded to exact 
specifications. 


American @ Optical 


COMPANY 
MONOPLEX DIVISION 
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REMARKS MADE ON THE ACCEPTANCE OF 
THE PROCTOR MEDAL AWARD 
June 14, 1951 


LupWIG voN SALLMANN, M.D. 
New York 


When I read two years ago that Jonas 
Friedenwald had been elected the first re- 
cipient of the Proctor Medal, I felt, as we 
all did, that no better selection could have 
been made by the committee and the trustees 
of the association, in view of the scientific 
weight of his numerous contributions to basic 
fields in ophthalmology. We all realized then 
that this election defined the award as one 
ranking high among symbols of recognition 
in medicine. 

Last year, when, in San Francisco, Phil- 
lips Thygeson was awarded the medal for 
successful research work, there was again 
among us the undivided feeling of profound 
satisfaction, since Dr. Thygeson had en- 
riched our knowledge in several important 
respects by extensive laboratory studies, 
field studies, and clinical work and, like Dr. 
Friedenwald, had stimulated many of his as- 
sociates by his spirit of sacrifice and endur- 
ance and by his endless search for ways to 
deepen clinical concepts in hard investigative 
labor. 

For obvious reasons it would be an ex- 
tremely embarrassing situation for me if I 
were to stand here now alone to receive the 
Proctor Medal for personal merit. It is my 
very good fortune that | don’t feel alone at 
all but surrounded by an exquisite imagery 
of friends, or rather by an imagery of the 
actions of these friends who have been most 
influential in forming in me the kind of 
curiosity which makes life in the biologic 
research laboratory so delightful and fasci- 
nating. 

There was the guidance and mentorship 
of Arnold Knapp which I shall cherish for 
the rest of my days, the encouragement and 
understanding of John Dunnington and Al 
Reese, the inspiration and enlightenment 


from the accomplishments of outstanding re- 
search workers in this country, the boundless 
stimulation which I have experienced by the 
informal exchange of thoughts in neighborly 
conversation with such excellent men as 
Zacharias Dische, George Smelser, Karl 
Meyer, Seymour Halbert, all of them pos- 
sessed by this magnificent disregard for per- 
sonal advantage and by selfless devotion to 
a great work. 

Last, but not least, there was and is the 
most pleasant association with younger in- 
vestigators and co-workers, none of whom | 
should wish to have missed in the course of 
these colorful years. It fills me with joyful 
elation and with pride to be a part and prod- 
uct of such an imagery and to be thus 
awarded under the protection of this splen- 
did constellation of powerful influences. 

As the years go by, one becomes increas- 
ingly aware of the determinants which form 
an individual’s interest and ambition. In the 
last 12 years the importance of investigative 
work research has been 
demonstrated clearly to me by the endeavors 
and achievements of those men in this coun- 
try of whom I made mention, and of others. 

Before that, in a long stretch of 20 years, 
the spirit of Ernst Fuchs, alive in his pupils 
and associates, Dimmer, Meller, and Lind- 
ner, and the personalities of these teachers, 
acted upon me and others of my generation 
to create in us primarily a healthy interest 
in clinical investigative work on a histo- 
pathologic background. Under their auspices, 
clinical studies and early experimental work 
on the herpes problems were undertaken. 

Lindner’s contribution to cylinder reti- 
noscopy provided the tools for specialized 
investigations on astigmatism, and his con- 
cept of the part played by the vitreous in the 
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pathogenesis of retinal and choroidal de- 


tachment aroused my interest in studying 
the physiology and physicochemistry of this 
rather neglected portion of the eye. 

Personal contact and collaboration with 
men from other departments could be util- 
ized to mutual advantage in the clinical use 
of radium for the treatment of eye disease ; 
connections between blood pressure and in- 
traocular pressure and the significance of 
ocular changes in hypertensive disease could 
be explored clinically and histologically. 

The appointment as acting head of the 
Eye Department of the Peking Union Medi- 
cal College, 1930 to 1931, taught me to use 
what I had learned in the grand eye depart- 
ment in Vienna, and to use it independently, 
far away from home soil. 

The working conditions at the Eye Hos- 
pital in Vienna and the tradition of the school 
limited the facilities for complicated labora- 
tory work, especially after the war had 
ended in 1918 with the disastrous dissection 
of the monarchy. 

It was for me a unique and inestimably 
rewarding experience, therefore, to work for 
a year in the laboratory of the Knapp Me- 
morial Hospital in New York, and then to 
join the research group of the Department 
of Ophthalmology in the College of Physi- 
cians and Surgeons with its unequaled op- 
portunities for team work under the leader- 
ship of Phillips Thygeson. 

I assume that many of you are familiar 
with the precarious situation in which one 
finds oneself in a new working place, over- 
laid as it inevitably is with the initial op- 
pressiveness of the unknown and the strange. 
It was Dr. Thygeson’s helpfulness and his 
gift for organization which quickly elemi- 
nated psychologic obstacles and made me soon 
feel at home in the laboratories and with 
the men at work in them. 

Karl Meyer had then completed his well- 
known studies on certain biochemical aspects 
of the vitreous and it was somewhat in line 
with this research effort that I returned to 
investigations on the colloid chemistry of 


the vitreous, a subject which has remained 
attractive to me throughout the years. In 
vitro studies on turgescence, shrinkage, tur- 
gescence pressure, and other hydrogel quali- 
ties of this complex colloid system were ex- 
tended to studies on its permeability, to ani- 
mal experimental work on the hydrogen ion 
concentration in the fluids of the eye, and in 
cooperation with Dan Moore, to studies on 
the electrophoretic pattern of the proteins 
in such fluids; later this work included ex- 
periments on resorption from the vitreous 
space. 

The possibility of obtaining expert ad- 
vice on ophthalmologic problems from mem- 
bers of other laboratory groups nearby was 
put to good use on several occasions, in 
pharmacologic studies, for example, and in 
the work on radio-autographic techniques as 
applied to the eye. 

In war time the accent in medical research 
tends to shift. It was due in part to the war 
situation that the workers in the Knapp 
Memorial Laboratory indulged for several 
years in experimental and clinical studies on 
the applicability of antibiotics to the eye. For- 
tunately, the practical results of these inves- 
tigations, which had been suggested by Dr. 
Thygeson, were not limited to war conditions 
and the work continues in the hands of other 
investigators of this laboratory group. 

Similar conditions of general nature, like 
those which led to the experimental work 
with antibiotics, influenced the undertaking 
of studies on radiation damage to the eye. 
Former clinical experience with radium and 
x-radiations added to the appeal of a recent 
offer of Professor Failla to concentrate a 
part of the activities of the laboratory, with 
the support of the Atomic Energy Commis- 
sion, On investigative work on radiation cata- 
ract. This proposition was welcomed with 
particular eagerness since it included the op- 
portunity to join arms with a biochemist of 
far-reaching specific knowledge in the person 
of Dr. Dische. 

Whatever I have said concerning the vari- 
ous lines of my activity may be completely 
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irrelevant. | have not tried to outline my own 
pursuits as facts per se, nor to provide data 
for an autobiographic sketch which in my 
case could be in no way of general interest. 
On the contrary, I have sought to demon- 
strate by an example how negligibly indi- 
vidual efforts rate as compared to condition- 
ing factors in general, and specifically to the 
principles of a system which provides op- 
portunity for participation in research work 
in its wider sense proceeding from the inter- 
dependence of a host of apparently uncon- 
nected facets of knowledge. 

I do not know of the existence anywhere 
in the world of any other scientific society 
in ophthalmology which was founded for 
the purpose of integrating basic work with 


clinical problems. In studying the published 
documents of the explorative scholarship of 
this society, one cannot escape the impression 
that this basic idea has proven to be of im- 
mense value again and again. 

The gap between the island of our rather 
small specialty and the wide shores of gen- 
eral biology, biochemistry, and other basic 
sciences, has been bridged successfully in 


many instances by members of this society 


and, if one is allowed to contribute to these 
efforts even to an infinitesimal extent, he 
should be filled with gratitude for the oppor- 
tunity which enabled him to do so. Certainly 
this gratitude is pervading me together with 
the other one for the great honor you have 
bestowed on our group. 
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Pathogenese der retinitis nephritica), von H. Kahler und L. Sallmann. Ztschr. f. Augenh., 57 :386-423, 
1925. 

Ueber eine dystrophische Endothelveranderung und Pigmentierung der Hornhautriickflache. Ztschr. 
f. Augenh., 58 :348-357, 1926 

Ueber einen Fall von Endotheldystrophie. (Ophth. Ges. Wien. Sitzg. 16 Nov. 1925.) Ztschr. f. Augenh., 
58 :369, 1926. 

Spiegelschrift und Refraktionsanomalie. (Ophth. Ges. Wien. Sitzg. 16 Nov. 1925.) Ztschr. f. Augenh. 
58 :372-374, 1926, 

Demonstration einer nach Knapp mit Goldchlorid in klarer Hornhaut tatowierten Scheinpupille. 
(Ophth. Ges. Wien. Sitzg. 16 Nov. 1925.) Ztschr. f. Augenh., 58 :374-375, 1926. 

Bindegewebe vor der Makula. (Ophth. Ges. Wien. Sitzg. 15 Feb. 1926.) Ztschr. f. Augenh., 59 :322, 
1926. 

Ein eigenartiger Fall von fliichtiger cinseitiger Okulomotoriuslahmung. (Ophth. Ges. Wien. Sitzg. 
22 Marz 1926.) Ztschr. f. Augenh., 59 :399-400, 1926. 

Sympathische Ophthalmie. (1923/24). Ztschr. f. Augenh. 60 :53-57, 1926 

Ueber die Augenpigmentierung bei endogener Ochronose. Ztschr. {. Augenh., 60:164-171 (Oct.) 1926. 

Berichte itiber die deutsche ophthalmologische Literatur, Motilitatsstérungen. (1924.) Ztschr. f. 
\ugenh. 60 :194-201, 1926. 

Ueber Komplikationen bei der Sondermannschen Trepanation des ulcus serpens. Ztschr. f. Augenh., 
60 :284-289 (Nov.) 1926. 

Berichte tiber die deutsche ophthalmologische Literatur. Glaukom 1924. Ztschr. f. Augenh., 60: 
364-384, 1926 

Ueber Radiumbehandlung fistelnder Hornhautgeschwiire, von L. Kumer und L. Sallmann. Ztschr. 
f. Augenh., 62 :41-44 (May) 1927. 

Ueber atypische chalcosis corneae bei fehlerhafter Kupferstiftbehandlung. Ztschr. f. Augenh., 62: 
180-182 (June) 1927. 

Limbusknétchen bei Varizellen. (Ophth. Ges. Wien. Sitzg. 21 Marz 1927.) Ztschr. f. Augenh., 62: 
185, 1927. 

Ueber Irisverfarbung nach Radiumbestrahlung, von L. Kumer und L. Sallmann. Albrecht v. Graefe’s 
Arch. f. Ophth., 121 :238-240, 1928. 

Irisverfarbung nach Radiumbestrahlung. (Ophth. Ges. Wien. Sitzg. 21 Nov. 1927.) Ztschr. f. Augenh., 
64 :103-104, 1928. 

Fall von ausgedehnter metazystischer Lochbildung mit guter zentraler Sehscharfe. (Ophth. Ges. 
Wien. Sitzg. 12 Dec. 1927.) Ztschr. f. Augenh., 64 :160, 1928. 

Paraffinom am Oberlid nach kosmetischer Paraffininjektion in der Wangengegend. (Ophth. Ges. 
Wien. Sitzg. 21 Mai 1928.) Ztschr. f. Augenh., 64 :298, 1928. 

Ueber die Abhangigkeit des Augendrucks vom allgemeinen Blutdruck. Zugleich ein Beitrag zur 
Frage des Dastre-Moratschen Gleichgewichtsgesetzes, von H. Kahler und L. Sallmann. Albrecht v. 
Graefe’s Arch. {. Ophth., 122 :634-653, 1929. 
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Ueber die Tagesdruckkurve und iiber Belastungsproben als Hilfsmittel in der Glaukomdiagnose. 
13th Internat. Ophth. Cong., Tr., 2 :482-484, 497-498, 1929. 

a Radiumbehandlung in der Augenheilkunde, von L. Kumer und L. Sallmann. Wien, Springer, 
1929. 

Ein Fall von perlschnurartiger Pigmentierung des Fundus. (Ophth. Ges. Wien. Sitzg. 19 Nov. 1928.) 
Ztschr. f. Augenh., 6? :109, 1929. 

Zur Goldchloridtatowage der Hornhaut. (Ophth. Ges. Wien. Sitzg. 15 Apr. 1929.) Ztschr. f. Augenh., 
68 :191-192, 1929. 

Hornhautpigmentierung bei Zigeunern. (Ophth. Ges. Wien. Sitzg. 17 Juni 1929.) Ztschr. f. Augenh., 
68 :366-367, 1929, 

Ueber das Sehen des Astigmatikers. Albrecht v. Graefe’s Arch. f. Ophth., 124 :605-623, 1930. 

Die klinische Bedeutung der Tagesdruckkurve und der Belastungsproben bei Glaukom. (Zugleich 
ein Beitrag zur Frage des Einflusses der Augenbewegungen auf den intraokularen Druck), von L. 
Sallmann und A. Deutsch. Albrecht v. Graefe’s Arch. f. Ophth., 124 :624-651, 1930. 

Zur klinischen Bedeutung einiger Spaltlampenbefunde an Hornhaut und Linse. Albrecht V. Graefe’s 
Arch. f. Ophth., 125 :62-66, 1930. 

Ein einfacher Halteapparat fir Radiumtrager zur Augenbestrahlung. Klin. Monatsbl. f. Augenh., 
85 :414-416 (Sept.) 1930. 

Ueber die. Fortschritte auf dem Gebiete der medikamentésen Behandlung des Glaukoms im Zusam- 
menhang mit der Pathogenese dieser Erkrankung. Nat. M. J. China, 16 :351-364, 1930. 

Radium Tratment in Ophthalmology. Nat. M. J. China, 16 :497-517, 1930. 

Atypische Rindennahtpunktierung. (Ophth. Ges. Wien. Sitzg. 17 Feb. 1930.) Ztschr. f. Augenh., 71: 
95, 1930. 

Fall von radiumbestrahlter tuberkuléser Tranensackerkrankung. (Ophth. Ges. Wien. Sitzg. 17 Feb. 
1930.) Ztschr. f. Augenh., 71 :95-96, 1930. 

Eine Salbenspritze. (Ophth. Ges. Wien. Sitzg. 17 Feb. 1930.) Ztschr. f. Augenh., 71 :96, 1930. 

Die klinische Bedeutung der Belastungsproben bei Glaukom. (Ophth. Ges. Wien. Sitzg. 17 Feb 
1930.) Ztschr. f. Augenh., 71 :101-102, 1930. 

Berichte tiber die deutsche ophthalmologische Literatur. Glaukom. (1925-1928) Ztschr. f. Augenh., 
72 :46-63, 1930 ; 73 :62-76, 271-290, 1931. 

Zum histologischen Bild der Goldspeicherung in der menschlichen Hornhaut nach Tatowierung. 
Albrecht v. Graefe’s Arch. f. Ophth., 126 :297-303, 1931. 

In memoriam, Professor Ernst Fuchs, 1851-1930, visiting Professor of Ophthalmology to China in 
1922. Nat. M. J. China, 17 :1-5 (Feb.) 1931. 

Air Insufflation into the Anterior Chamber. Nat. M. J. China, 17 :6-17 (Feb.) 1931. 

Ueber die Ablagerung einiger Metalle in der menschlichen Hornhaut. Albrecht v. Graefe’s Arch. f. 
Ophth., 128 :245-264, 1932. 

Zur Kenntnis des Linsenastigmatismus. Deutsch. Ophth. Gesellsch., Bericht., 49 :417-420, 1932. 

Bericht tiber die ophthalmologische Literatur. Klinik und Enstehung der Refraktionsanomalien. 
Sehscharfe, von K. Safar und L. Sallmann. Ztschr. f. Augenh., 76 :377-386 (Dec.) 1932. 

Elektrode zur Elektrokoagulation bei Lindners Unterminierverfahren. (Ophth. Ges. Wien. Sitzg. 
15 Feb. 1932.) Ztschr. f. Augenh., 77 :126, 1932. 

Ueber Augenveranderungen bei menschlicher Chrysosis nach Sanocrysinbehandlung. Ztschr. f. 
Augenh., 79 :208-212 (Dec.) 1932. 

Ueber Sehscharfe und Gesichtsfeld bei operativ geheilter Netzhautabhebung, von L. Sallmann und 
K. Sveinsson. Albrecht v. Graefe’s Arch. f. Ophth., 130 :1-40, 1933. 

Untersuchungen tiber den Linsenastigmatismum. Albrecht. v. Graefe’s Arch. f. Ophth., 131 :492-504, 
1933. 

Ueber Netzhautgefassveranderungen bei Hochdruck, von L. Sallmann und H. Kahler. Albrecht v. 
Graefe’s Arch. f. Ophth., 131 :505-520, 1933. 

Entstehung und Klinik der Refraktionsanomalien, Sehscharfe, Akkommodation. Ztschr. f. Augenh., 
80 :181-187, 1933. 

Ueber Netzhautschidigung durch Salze der unterjodigen, unterbromigen und unterchlorigen Saure. 
Ein Beitrag zur Frage der Septojodintoxikation. Ztschr. f. Augenh., 80:342-351 (June) 1933. 

Ueber hintere Glaskérperabhebung bei ablatio retinae, von L. Sallmann und H. Rieger. Albrecht 
von Graefe’s Arch. f. Ophth., 133 :75-89, 1934. 

Ueber den Nachweis des erhéhten Augendruckes. Wien. klin. Wehnschr., 47 :663-664 (May 25) 1934. 

Praktische Gesichtspunkte bei der Beurteilung von Augenverletzungen. Wien. klin. Wehnschr., 47: 
758-759 (June 15) 1934. 

Ueber neue Wege auf dem Gebiete der medikamentésen Behandlung des primaren Glaukoms. Wien. 
klin. Wehnschr., 47 :885-888 (July 13) 1934. 

Fall von schwerer Sprengverletzung mit beginnender Meningitis durch Operation geheilt, von L. Sall- 
mann und F. Haslinger. Ztschr. f. Augenh., 82 :165-166, 1933-1934. 
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Ueber Netzhautgefassveranderungen bei Hochdruck, von L. Sallmann und H. Kahler. (Ophth. Ges. 
Wien. Sitzg. 16 Okt. 1933.) Ztschr. f. Augenh., 82 :168-172, 1933-1934. 

Ueber eine Abanderung der Zyklodialyse. (Ophth. Ges. Wien. Sitzg. 11 Dec., 1933.) Ztschr. f. Augenh., 
82 :334-3.36, 1934. 

Kasuistischer Beitrag zur Frage der bazillaren Natur der sympathischen Ophthamie. Ztschr. f. 
Augenh., 83 :168-171 (May) 1934. 

Entstehung und Klinik der Refraktionsanomalien, Sehscharfe, Akkommodation. (Ber. ii. d. ophth. 
Lit. Juli 1932-Okt. 1933.) Ztschr. f. Augenh., 83 :198-205, 1934. 

Ueber Mukokele der Stirnhéhle mit Netzhautfaltelung. (Ophth. Ges. Wien Sitzg. 14 Mai 1934.) 
Ztschr. f. Augenh., 84 :99-100, 1934. 

Fall von ablatio retinae nach Zyklodialyse. (Ophth. Ges. Wien. Sitzg. 14 Mai 1934.) Ztschr. f. 
Augenh., 84 :101-102, 1934. 

Ueber hintere Glaskérperabhebung bei ablatio retinae, von L. Sallmann und H. Rieger. (Ophth. Ges. 
Wien. Sitzg. 18 Juni 1934.) Ztschr. f. Augenh., 84 :258-260, 1934. 

Statistisches ther Augenerkrankungen im Kindesalter. Wien. klin. Wehnschr., 48 :691-694 (May 18) 
1935. 

Glasige Erhebungen am Pupillarsaum bei rubeosis iridis diabetica (Salus). (Ophth. Ges. Wien. Sitzg. 
19 Nov. 1934.) Ztschr. f. Augenh., 85 :262-263, 1935. 

Netzhautfaltelung bei raumbeengenden Prozessen in der Augenhdéhle. Ztschr. f. Augenh., 86:18-25 
(Apr.) 1935. 

Bemerkenswerte Radiumbestrahlungserfolge bei Augenerkrankungen. (Ophth. Ges. Wien. Sitzg. 21 
Jan. 1935.) Ztschr. f. Augenh., 86 :66-67, 1935. 

Vorrichtung zum Abhalten der Lider bei Radiumbestrahlung bestimmter Lidgeschwiilste. (Ophth 
Ges. Wien, Sitzg. 21 Jan. 1935.) Ztschr. f. Augenh., 86 :70, 1935 

Die Trepanationszyklodialyse, eine Abanderung der Heineschen Zyklodialysenoperation. Ztschr. f. 
Augenh., 86 :111-120 (May) 1935. 

Beobachtungen an der vorderen Glaskérpergrenzhaut bei Choroidealabhebung. (Ophth. Ges. Wien. 
Sitzg. 21 Okt. 1935.) Ztschr. f. Augenh., 88 :168-170, 1935-1936. 

Zur Anatomie der hinteren Glaskérperabhebung. Albrecht von Graefe’s Arch. f. Ophth., 135 :593-601, 
1936. 

Spaltlampenbeobachtungen an der vorderen Glaskérpergrenzhaut nach Entfernong der Linse in der 
Kapsel. Albrecht von Graefe’s Arch. f. Ophth. 135 :602-609, 1936. 

\blatio retinae infolge zystoider Maculadegeneration. (Ophth. Ges. Wien. Sitz. 16 Marz 1936.) 
Ztschr. F. Augenh., 90:110-111, 1936. 

Durch Katholyse geheilter Fall von Netzhautabhebung mit Maculaloch. (Ophth. Ges. Wien. Sitzg. 
18 Mai 1936.) Ztschr. f. Augenh., 90 :224-225, 1936. 

Zur Entstehung der Pigmentringlinie der Iris. Albrecht von Graefe’s Arch. f. Ophth., 137 :510-514, 
1937. 

Zur Anatomie der Gefasskreuzungen am Augenhintergrund. (Zugleich ein Beitrag zur pathologischen 
Anatomie des Gunn- und Salusschen Zeichens.) Albrecht von Graefe’s Arch. f. Ophth., 137 :619-635, 
1937. 

Wie erkennt der Praktiker Astigmatismus. Ars. Medici 15 :1937. 

Ueber die diagnostische Bedeutung der Netzhautverainderungen bei Hypertonie. Internat. Ophth. 
Cong., Tr.) 2:231-235, 1937. 

Zur Anatomie der Gefasskreuzungen am Augenhintergrund. (Ophth. Ges. Wien. Sitz. 7 Dez. 1936.) 
Ztschr. f. Augenh., 91 :322-324, 1937. 

Radiumbehandelte Iriscyste. (Ophth. Ges. Wien. Sitzg. 15 Feb. 1937.) Ztschr. f. Augenh., 92 :247-248, 
1937. 

Vier Falle von Augenschadigung durch Farben der Wimpern. (Ophth. Ges. Wien. Sitz. 15 Marz 
1937.) Ztschr. f. Augenh., 93 :99-100, 1937. 

Zur Entstehung der Safarschen Ringlinie. (Ophth. Ges. Wien. Sitzg. 15 Marz 1937.) Ztschr. f. 
Augenh., 93 :100-101, 1937. 

Die Unterminierungsmethode K. Lindners. In: Augendarztliche Eingriffe, von J. Meller. 4. Auft. 
Wien, Springer, 1938, pp. 365-374 

Ein weiterer Beitrag zur Anatomie des Gunnschen und Salusschen Zeichens. Albrecht von Graefe’s 
Arch. f. Ophth., 138 :412-415, 1938 

Zur Anatomie des Gunnschen und Salusschen Gefasskreuzungszeichens. (Ophth. Ges. Wien. Sitzg. 
18 Okt. 1937.) Ztschr. f. Augenh., 94 :297-298, 1938. 

Volumenanderungen des Glaskérpers in einweisshaltigen Flissigkeiten. (Ophth. Ges. Wien. Sitzg. 
18 Okt. 1937.) Ztschr. f. Augenh., 94 :299-300, 1938. 

Leuchtendes Markierstabehen zur Risslokalisierung bei der Abhebungsoperation, (Ophth. Ges. Wien. 
Sitzg. 17 Jan. 1938.) Ztschr. f. Augenh., 94 :367, 1938. 

Gelatinous cancer of the choroid following carcinoma of the rectum. Report of a Case. Arch. Ophth., 
25 :89-92 (Jan.) 1941. 
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Expansion tendency of the vitreous and its pH volume curve. Arch. Ophth., 25 :243-254 (Feb.) 1941. 

Hydrogel qualities of the vitreous. Arch. Ophth., 26 :770-788 (Nov.) 1941. 

Experimental studies on vitreous detachment. Am. J. Ophth., 24:1349-1353 (Dec.) 1941. 

Sulfadiazine iontophoresis in pyocyaneus infection of rabbit cornea. Am. J. Ophth., 25 :1292-1300 
(Nov.) 1942. 

Iontophoretic introduction of atropine and scopolamine into the rabbit eye. Arch. Ophth., 29 :711-719 
(May) 1943. 

Penicillin and sulfadiazine in the treatment of experimental introcular infection with pneumococcus. 
Arch. Ophth., 30 :426-436 (Oct.) 1943. 

Penetration of penicillin into the eye. (L. von Sallmann, K. Meyer, and J. Di Grandi.) Arch. Ophth., 
31:1-7 (Jan.) 1944. 

Penicillin and sulfadiazine in the treatment of experimental ocular infections with staphylococcus 
aureus and clostridium welchii. Arch. Ophth., 31 :43-63 (Jan.) 1944. 

Experimental study on penicillin treatment of ectogenous infection of vitreous. (L. von Sallmann, 
Karl Meyer, and Jeanette Di Grandi.) Arch. Ophth., 32 :179-189 (Sept.) 1944. 

Simultaneous local application of penicillin and sulfacetimide (L. von Sallmann with the technical 
assistance of Jeanette Di Grandi.) Arch. Ophth., 32 :190-192 (Sept.) 1944. 

Penicillin therapy in ophthalmology. (J. H. Dunnington and L. von Sallmann.) Arch. Ophth., 32: 
353-361 (Nov.) 1944; Tr. Am. Ophth. Soc., 42 :132-154, 1944. 

Penicillin therapy of infections of the vitreous. Arch. Ophth., 33 :455-462 (June) 1945. 

Penetration of penicillin into the eye: Further studies. Arch. Ophth., 34:195-201 (Sept.) 1945. 

Hydrogen ion concentration of the vitreous in the living eye. (L. von Sallmann with the technical 
assistance of Jeanette Di Grandi.) Arch. Ophth., 33 :32-39 (Jan.) 1945. 

The role of iontophoresis with antibiotics in ocular therapy. N.J. J. of Dentistry, 15:261 (Oct.) 1945. 

Hydrogen ion concentration of the aqueous. (L. von Sallmann and Jeanette Di Grandi.) Arch. 
Ophth., 35 :643-654 (June) 1946. 

Ophthalmic penicillin ointments. (L. von Sallmann, Anne E. Grosso, and Mary Glyde Marsh.) Arch. 
Ophth., 36 :284 (Sept.) 1946. 

Mercury in the lens (hydrargyrosis lentis). (W. Atkinson and L. von Sallmann.) Tr. Am, Ophth. 
Soc., 44 :1946. 

Controversial points in ocular penicillin therapy. Tr. Am. Ophth. Soc., 45 :1947. 

The effect of di-isopropyl fluorophosphate on the capillaries of the anterior segment of the eye in 
rabbits. (L. von Sallmann and Beatrice Dillon.) Am. J. Ophth., 30 :1244-1262, 1947. 

Controversial points in penicillin therapy of ocular diseases. (L. von Sallmann with the technical 
assistance of Jeannette Di Grandi.) Arch. Ophth., 39 :752-804, 1948. 

Electrophoretic patterns of concentrated aqueous humor of rabbit, cattle, and horse. (L. von Sall- 
mann and D. H. Moore.) Arch. Ophth., 40 :279-284, 1948. 

Studies of the eye with radiosodium autographs. (L. von Sallmann, T. C. Evans, and B. Dillon.) 
Arch. Ophth., 41 :611-626, 1949. 

Zur Frage der Strahleneinwirkung radioactiver Indikatoren in physiologischen Studien am Auge. 
(L. von Sallmann und B. Dillon.) Wien. klin. Wehnschr., 61: Number 42, 1949. 

Experimental studies on the vitreous: I. Experiments on diffusion in the vitreous and on perme- 
ability of its surface condensation layer. Arch. Ophth., 42 :583-595. 1949. 

Correlation of microscopic and slitlamp examinations of developing hereditary cataracts in mice. 
(G. K. Smelser and L. von Sallmann) Am, J. Ophth. 32 :1703-1712, 1949. 

Studies of the eye with radioiodine autographs. (L. von Sallmann and B. Dillon.) Am. J. Ophth., 
33 :429-440, 1950. 

Experimental studies on the vitreous: II. Experiments on disappearance of red blood cells from the 
vitreous. Arch. Ophth., 43 :638-652, 1950. 

Experimental studies on early lens changes after X-ray irradiation. (L. von Sallmann with the 
technical assistance of Carmen M. Munoz.) Tr. Am. Ophth. Soc., 48 :228-240, 1950. 

Radioactive isotopes in ophthalmology. Arch, Ophth., 43 :1125-1126, 1950. 

Experimental studies on lens changes in rabbits after X-irradiation. Second Conference on Radia- 
tion Cataracts, Natl. Research Council, Div. Med. Sciences, U. S. Atomic Energy Commission, Dec. 
8, 1950. 

Experimental studies on early lens changes after roentgen irradiation: I. Morphological and cyto- 
chemical changes. (L. von Sallmann with the technical assistance of Carmen M. Munoz.) Arch. Ophth., 
45 :149-164, 1951. 

Experimental studies on early lens changes after roentgen irradiation: II. Exchange and penetra- 
tion of radioactive indicators (Na™“, K*, I™, p™*) in normal and irradiated lenses of rabbits. (L. von 
Sallmann and B. D. Locke). Arch. Ophth., 45 :431-444, 1951. 

Study on penetration of cysteine and cystine into the aqueous humor of rabbits and its relation to 
early x-irradiation effects on the eye. (L. von Sallmann, Z. Dische, G. Ehrlich, and Carmen M. Munoz.) 
Am. J. Ophth., 34 :95-103 (May, Pt. 2) 1951. 
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The effect of radiation on the cytology of the eye. J. Cell & Comp. Physiol., In press. 

Cytological and bacteriological studies of the aqueous humor in uveitis. (L. von Sallmann, J. C. 
Locke, and B. D. Locke.) Arch. Ophth., 46 :4-13 (July) 1951. 

Local use of cortisone in treatment of ocular disease. Discussion. Arch. Ophth., 46 :105-108, 1951. 

Further efforts to influence X-ray cataract by chemical agents. (L. von Sallmann with the technical 
assistance of Carmen M. Munoz.) Tr. Am. Ophth. Soc., 49 :391-417, 1952. 

Ueber den Einfluss von Cortison auf Wundheilung, Macrophagozytose und Kapillarpermeabilitat 
im Auge (L. von Sallmann, I. S. Jones, R. L. Wiggins, and B. D. Locke.) Wien. med. Welinschr., 


Sept. 1951. 


Experimental studies on early lens changes after roentgen irradiation: IIT. Effect of X radiation on 
mitotic activity and nuclear fragmentation of lens epithelium in normal and cysteine-treated rabbits. 
(L. von Sallmann with the technical assistance of Carmen M. Munoz and Edith Barr). Arch. Ophth., 


47 :305-320, 1952. 


Therapeutic principles in symposium on: Recent advances in medical therapy in ophthalmology. 
IV. Pan-American Congress of Ophthalmology, In press. 


AQUEOUS VEINS AND CONTACT LENSES* 
K. W. AscHer, M.D. 


Cincinnati, Ohio 


The question as to why different eyes 
show varying degrees of tolerance to the re- 
fraction-correcting contact lens has been ap- 
proached from different viewpoints: Me- 
chanical-optical, cell-physiologic effects on 
the corneal tissues, chemical alterations on 
the corneal tissues and in the aqueous humor 
were Since the elimination of 
aqueous humor can now be studied biomicro- 
scopically,' a new approach to this problem 


assumed. 


presents itself. 

The aqueous veins and Schlemm’s canal 
together form a physiologic unit* and, there- 
fore, changes occurring in Schlemm’s canal 
under the effect of the gonioscopic contact 
lens should also be considered. 

The effect of gonioscopic contact lenses 
on the blood content of the canal of Schlemm 
has been studied by Trantas,® Troncoso,* 
Sugar," Bangerter and Goldmann,’ Kron- 


* From the Department of Ophthalmology, Col- 
lege of Medicine, University of Cincinnati. Pre- 
sented at the first annual meeting of the Associa- 
tion for Research in Ophthalmology, East-Central 
Section, Cleveland, Ohio, January 10, 1950, and 
to the XVI International Congress of Ophthal- 
mology, London, England, July 17, 1950. This study 
was aided by a grant from the Snyder Ophthal- 
mologic Foundation. 


feld and associates,* Busacca,®? Moreu,’® and 
many others. 

While Sugar found that the goniscopic 
contact lens provoked influx of blood into 
the canal, Kronfeld observed that it may ex- 
pel blood from the canal of Schlemm. An 
explanation of this discrepancy could be that 
Sugar might have happened to see more eyes 
with aqueous veins showing the blood-influx 
phenomenon, and Kronfeld more eyes show- 
ing the aqueous-influx phenomenon. 

Characteristic phenomena are observed 
when the recipient vessel of an aqueous vein 
is compressed near its junction by means of 
a small cotton applicator or by a minute 
probe. Then, either one of the following ef- 
fects may be observed (fig. 1) : 

1. Stratification, if present before com- 
pression, disappears quickly and the vessel 
becomes uniform in color and, soon, quite 
colorless. If so, this part of the vessel re- 
sembles a glass rod surrounded by semi- 
transparent porcelainlike scleral tissue ; this 
aspect was originally’ * called the glass-rod 
phenomenon, a purely descriptive term which 
since has been replaced by a more unequi- 
vocal one: aqueous-influx phenomenon." 

2. Compression of the recipient vessel near 
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BIOMICROSCOPIC ASPECT 


Fig. 1 (Ascher). Aqueous-influx phenomenon. After compression of the recipient vessel, clear fluid 


enters the blocked section and, in a reversal of current direction, expels the blood corpuscles out of the 
recipient vessel. Expulsion of red cells is the essence of the aqueous-influx phenomenon. 


the entrance of an aqueous vein does not 
always produce expulsion of the blood ; often 
the opposite phenomenon is found: while the 
current is slowed down, stopped, and even 
reversed, a colorless aqueous vein may be- 
come filled with blood (fig. 2). This expul- 
sion of clear fluid and entrance of blood was 
formerly termed negative glass-rod phenome- 
non. Lately, the simpler and more precise 
term blood-influx phenomenon has been in- 
troduced." 

When compression is released, in both 
instances, the former appearance will be re- 
stored; blood will reenter the space which, 
during compression, was waterclear, or the 
aqueous vein will become clear again if it 
was filled with blood during the compression. 

An interesting phenomenon which may 
help the understanding of the effects of both 
gonioscopic and refraction-correcting con- 


SCHEMATIC CROSS-SECTION 


tact lenses on the blood content of the canal 
could be called the gonioscopic-lens-rocking 
effect of Busacca® ( fig. 3). 

According to his description, it is char- 
acterized by entrance of blood into a sector 
of the canal opposite to the site of pressure 
application and, thus, confirms what has 
been assumed concerning the mechanism of 
the blood backflow phenomena toward, and 
into, the canal.’* 

A tentative explanation can be given now 
in assuming that, at the site of the pressure, 
communication between the canal and super- 
ficial blood vessels is temporarily inter- 
rupted and aqueous held inside the canal ; 
while on the opposite side, where connec- 
tions are not interefered with, blood can 
enter the canal. 

Another explanation could be that the 
gonioscopic lens, pressing upon the eyeball, 


BIOMICROSCOPIC ASPECT 


Fig. 2 (Ascher). Blood-influr phenomenon. Aiter compression of the recipient vessel, red blood cells 
enter the aqueous vein in a direction opposite to that of the previous aqueous flow. 
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The canal contains 
blood on the opposite 
side where the lens 
leaves the episcleral 
veins undisturbed. 


The canal contains 
aqueous humor on that 
side where the lens 
presses upon the eye- 
ball. 


Fig. 3 (Ascher). The gonioscopic-lens-rocking- 
effect of Archimede Busacca (1945) results in a 
large-scale compression phenomenon and produces 
an increment of pressure on one side, and blood 
influx on the other side of the canal. 


increased outflow of 


chamber 


produces aqueous 
humor from the the 
which, on the side opposite to the pressure, 
entrance of 


into canal 


will show less resistance to 
blood. 
Interesting questions arise from Busacca’s 


observation: whether eyes with the blood- 


influx phenomenon will react to the rocking 


test in the same way as those with an aque- 
ous-influx phenomenon; whether glaucoma- 
tous eyes will react differently from those 
with normal intraocular pressure. It might 
be expected that, in glaucomatous eyes, the 
rocking test will not result in blood entrance 
unless eye pressure has previously been re- 
duced by either miotics or surgery. Further 
study of the rocking test seems promising. 

In the literature, I found only one paper 
referring to possible connections between 
tolerability of the contact lens and changes 
in aqueous veins: an expectation ventured 
by Neill®® who did not, however, describe 
any observations in support of this assump- 
tion. I learned about Neill’s paper from an 
abstract in the May, 1949, issue of the Ex- 
cerpta Medica.* 


COWN OBSERVATIONS 


Since January, 1949, aqueous veins of 


contact-lens-wearing patients of the Murphy 
Memorial Group in Cincinnati were studied 
and, on invitation of the Ophthalmology Re- 
search Department of the College of Physi- 
cians and Surgeons, Columbia University, 
New York, these observations were com- 
pleted by a comparative study of persons 
wearing different types of contact lenses, at 
the Eye Institute of the Presbyterian Hos- 
pital in New York, in December, 1949. 

This study was supported in part by a 
grant from the Office of the Surgeon General 
to Columbia University, administered by Dr. 
George K. Smelser. 

In the Columbia University Ophthalmol- 
ogy Department, we endeavored to observe, 
with the aid of a X10 magnifying loupe and 
on the corneal microscope, the effect of con- 
tact lenses on aqueous veins of dogs, rabbits, 
and guinea pigs, previously fitted with dif- 
ferent types of contact lenses which were 
tolerated well in most cases. 

Only one dog and two rabbits showed 
what could be considered the equivalent of 
aqueous veins as seen in human eyes; in all 
three eyes, however, these vessels became 
filled with red blood cells on insertion of the 
contact lens and immediately it became im- 
possible to distinguish the direction of cur- 
rent. 

On human eyes wearing standard lenses, 
that is, those with an uninterrupted scleral 
rim, the following changes were observed at 
varying intervals after insertion of the re- 
fraction-correcting contact lens: 

1. In many, not in all, eyes studied, a re 
versal of current in the aqueous vein took 
place. 

2. Cyanosis of aqueous veins and other 
conjunctival and episcleral veins and occa- 
sionally sludging in the aqueous veins oc- 
curred and the limbal and deeper capillaries 
became congested. 


*In abstract No. 909 of the May, 1949, issue of 
the Excerpta Medica, Neill’s middle and surnames 
were transposed so that he appears as Collins, N. J., 
instead of Neill, C. J. 
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3. Normal appearance was restored at 
varying intervals after removal of the re- 
fraction-correcting contact lens. 

Reversal of current in aqueous veins when 
covered by a contact lens usually starts as 
soon as the latter is inserted; only in larger 
aqueous veins with a vigorous current, it 
may take some seconds or even minutes be- 
fore the whole vessel shows a change in di- 
rection of flow of its contents; often, an 
ambiguous current may be observed at some 
distance from the limbus, the part near the 
limbus showing reversed direction of flow 
and the more peripheral part of the vessel 
continuing in the original direction. 

Some minutes after insertion of the con- 
tact lens, many aqueous veins will show the 
direction of flow toward instead of from the 
limbus. To and fro movement and sludging 
may appear in parts of the vessel. 

By this time, the aqueous veins show a 
markedly darker color in comparison to the 
ciliary and conjunctival arteries. The distine- 
tion, by color, between arterial and venous 
blood vessels on the surface of the eye, al- 
most impossible in normal eyes,"* is easy 
under the influence of the contact lense Not 
only aqueous veins but also regular conjunc- 
tival and subconjunctival veins become 
darker as time goes on. Finally, the reversed 
current in the aqueous veins will slow down 
and eventually stop. 

At this stage which occurs after 10 to 60 
minutes, occasionally even later, a sedimen- 
tation of the red blood cells may appear. This 
is the moment when the wearer of the con- 
tact lens usually complains of marked dis- 
comfort. 

The sedimentation may be preceded by a 
more or less pronounced sludging of the 
blood current in the aqueous vein, similar to 
the pictures of sludging blood to be seen in 
Knisely’s'® moving pictures of the mesen- 
terial vessels of diseased animals. The dif- 
ference between the phenomena referred to 
as sedimentation and sludging is, in the 
aqueous veins, that sedimentation occurs 
only where the current is completely or al- 


AQUEOUS VEINS AND CONTACT LENSES 13 


most completely stagnant while sludging cor- 
responds to conglomeration of red blood 
corpuscles which are yet moving although 
slowly.* 

At the same time, the limbal, as well as the 
deeper capillary meshwork, becomes more 
and more congested ; vessels not visible prior 
to insertion of the contact lens appear at 
different levels, the superficial ones more 
clearly outlined, the deeper ones more hazily 
visible. A slight purple hue surrounds the 
limbus at this time (figs. 4, 5, 6, and 7). 

As soon as the contact lens is removed, 
the current in the aqueous veins resumes its 
previous direction, that is from the limbus 
toward the periphery, and sludging, sedimen- 
tation, cyanosis, and perilimbal congestion 
disappear within a few seconds or minutes. 
The clear content of the aqueous veins seems 
to force its way very vigorously and often 
all red blood cells disappear from the vessel 
for a period of 15, 30, or more minutes 
(fig. 8). 

Similar phenomena occur after withdrawal 
of the gonioscopic contact lens: where a 
stratified aqueous vein had been located pre- 
vious to the insertion of the gonioprism, 
Hobbs” saw, after withdrawal of the gonio- 
prism, a rapid return to normality indicated 
by reappearance of the stratification in the 
aqueous vein. 

In the Columbia University Eye Institute, 
nine volunteers were available for 24 obser- 
vations. The time from insertion of the lenses 
varied between 14 hours and 10 minutes, 
with one experiment extending over 14 
hours, two over seven hours, five between 
seven and three hours, six lasting two hours, 
two between two and one hour, and eight, 
one hour or less. 

Three volunteers were able to wear three 
different types of lenses, the standard lens, 
with the full scleral rim, the so-called lacrimal 


* According to Robertson, Wolf, and Wolff,” 
widespread sludging is compatible with good health. 
The cyanosis in the region covered by the contact 
lens, however, means more than a slowing-down of 
the blood current. 
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lens with an indentation at the 6- and 12- 
o'clock positions, and the “corneal” (Tuohy 
lens )** which does not cover the limbus and 
adjacent conjunctiva. Four persons were 
fitted with both standard and lacrimal lenses 
and two more wore only standard lenses at 
the time of these observations. 


Fold 


The standard lens provoked a reversal of 
current in the aqueous veins in five out of 
14 experiments performed. In five out of 
eight experiments with the lacrimal lens, the 
direction of current in the aqueous veins 
remained normal. Under the standard lens, 
normal current was retained in one experi- 


Fig. 4 (Ascher). White woman, aged 27 years, leit eye. Very large aqueous vein. (Photograph of 
colored drawing by Miss Jean Schuff, B.Sc., Department of Medical Art, College of Medicine, University 


of ‘Cincinnati. ) 


Fig. 5 (Ascher). Thirty minutes after insertion of the contact lens, the red blood-cell content was in- 
creased and the current in the aqueous vein was reversed and slight sludging appeared. (From drawing 


by Miss Jean Schuff.) 
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Fig. 6 (Ascher). Forty-five minutes after insertion of the contact lens, the aqueous vein was full of 
ae red blood cells, of very dark color, the current was also reversed in one of its tributaries near the limbus, 
and the deep meshwork was congested. (From drawing by Miss Jean Schuff.) 


Fig. 7 (Ascher). Aqueous veins under the influence of the refraction-correcting contact lens. (A) 
Volunteer H. D. K., aged 23 years, left eye, two hours without contact lens. There are very few red 
blood cells, a rapid current, and normal direction in both aqueous veins (see arrows). (B) Same eye two 
hours after insertion of contact lens. There is an increase in red blood cells in both aqueous veins. The 
slow current is reversed with slight sludging. The limbal meshwork is congested. (Photographed at the 
Institute of Ophthalmology, Columbia University, December, 1949. Reproduced through the courtesy 
of Dr. G. K. Smelser and Mr. |. Lafayette.) 
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Fig. 8 (Ascher), Sixty minutes after insertion oi the contact lens, the lens was removed. Immediately 
the red-cell content dropped and the original direction of flow returned. (From drawing by Miss Jean 


Schuff.) 


ment for 14 hours, in one for four and one- 
half hours, in one for four hours, in two for 
three hours, in one for two hours, and in 
one for one hour. Under the lacrimal lens, 
normal current was preserved in one experi- 
ment for seven and one-half hours, in three 
for two hours or more, and in one experi- 
ment for at least 30 minutes. 


The compression test on the recipient ves- 
sel was not performed on all of these eyes; 
there was, however, a coincidence between 
aqueous-influx phenomenon and normal di- 
rection of current under the contact lens in 


six experiments while reversed current 
under the contact lens corresponded to the 
blood-influx phenomenon in five experi- 
ments. 

The location of the aqueous vein did not 
seem to be decisive ; the aqueous vein show- 
ing normal current after 14 hours was a 
very deep one, another aqueous vein which 
preserved normal current for over seven 
hours was a superficial one. 


An observation should be mentioned 
which for the time being cannot be ex- 
plained: some aqueous veins showed re- 
versed current in the part covered by the 
scleral rim of the contact lens while the un- 
covered part of the aqueous veins continued 
to show current in normal direction. The 
“watershed” was located at the edge of the 
contact lens and the vessel seemed to be 
empty for about 0.5 mm. both sides from 
this rim. 

One volunteer, wearing lacrimal lenses in 
both eyes, showed, in her right eye, reversed 
current in the aqueous vein covered by the 
contact lens; in the left eye, an aqueous vein 
was located near the 12-o’clock position cor- 
responding to the notch of the contact lens 
and this aqueous vein remained unaltered ; 
this person noticed haze and halos earlier 
in her right eye (four to five hours) while 
the left eve could tolerate the contact lens up 
to seven hours without the appearance of 
halos. 
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Rimless contact lenses (the “corneal lens” 
by M. W. Nugent and K. W. Tuohy) did 
not provoke reversed flow in the aqueous 
veins nor cyanosis of aqueous veins nor con- 
gestion of the deep meshwork. 

The relative merits of different types of 
contact lenses shall not be considered here ; 


we were only concerned with observing their 


effect on aqueous veins. 

Filling of the contact lens with hyper- 
osmotic solutions produced changes in the 
aqueous veins similar to those evoked by 
contact lens solutions of normal strength 
and by distilled water. The only difference 
was that with hyperosmotic solutions hy- 
peremia of the deep meshwork, reversal of 
the normal current, and cyanosis of the 
aqueous veins occurred earlier than with nor- 
mal-strength contact lens solutions. 

One volunteer at the Presbyterian Hos- 
pital Eye Institute in New York, Dr. G. K. 
S., tolerated both standard and 


lenses for many hours and preserved nor- 


lacrimal 


mal current in his aqueous vein; if, however, 
his lens was filled with tap water instead of 
1.5-percent sodium bicarbonate solution, 
haze and halos developed rapidly and re- 
versed current was observed in his aqueous 
vein, which, with proper contact lens solu- 
tion, retained its normal current for long 
periods. 
Discussion 

Discussing the essence of the sludging in 
aqueous veins under the influence of the re- 
fraction-correcting contact lens would be 
mere speculation at present; however, one 
may venture the expectation that changes in 
oxygen content, hydrogen-ion concentration, 
and plasma-protein fractions may be in- 
volved. 

Two facts, however, should be stressed at 
present: one is that sludging in the aqueous 
veins, congestion in the limbal meshwork, 
and change of the bright red color of the 
blood to a dark red occur at a time when 
the wearer of the contact lens feels unable 
to tolerate the lens any longer; second, an 
observation by Cross** that veiling under a 


contact lens appeared less marked when a 
bubble was present under the lens, and that 
people who can tolerate a small air bubble 
without discomfort may be relieved of the 
greater trouble of blurred vision. 

These two facts would indicate that lack 
of oxygen plays at least some part in the 
tolerability of the refraction-correcting con- 
tact lens. 

Among the many suggestions made to al- 
leviate veiling under the contact lens, Rid- 
ley’s'® seemed to be promising: assuming 
that Sattler’s veil was due to edema of the 
cornea and conjunctiva, he suggested using 
a hypertonic contact lens solution in order 
to produce dehydration of the edematous 
tissues. 

The molar concentration of the lens fluid 
seems to be of lesser importance than me- 
chanical factors; differences in osmotic con- 
centration will soon be equalized by osmotic 
exchange of ions and water, respectively, 
through the membranes involved; changing 
local pressure conditions, however, will pre- 
vail as long as the contact lens remains in- 
serted and will produce changes in the di- 
rection of current in the affected vessels 
similar to those described by Busacca.® Cor- 
neal contact lenses will not elicit these altera- 
tions in flow but may interfere with gas ex- 
change as any other contact lens will, al- 
though possibly to.a lesser degree. 

From the described observations, drawing 
of conclusions concerning the tolerability of 
the contact lenses would be premature; it 
seems, however, that persons who preserved 
normal current in their aqueous veins under 
the influence of the contact lens were able to 
tolerate them longer than those who showed 
reversed current. 

The number of eyes observed does not 
suffice for drawing of conclusions concern- 
ing the correlation between compression test 
on the recipient vessel and changes in 
aqueous veins due to insertion of the refrac- 
tion-correcting contact lens; it seems, how- 
ever, that eyes with the aqueous-influx 
phenomenon do not easily show reversed 
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current in their aqueous veins while wearing 
the contact lens, and that reversed current is 
the rule in these aqueous veins which, prior 
to insertion of the contact lens, showed the 
blood-influx phenomenon. 

Therefore, in addition to other effects of 
the contact lens, known or assumed, we have 
to realize that refraction-correcting contact 
lenses, even with very mild pressure on the 
conjunctival surface, may produce either the 
blood-influx or the aqueous-influx phenome- 
non and thus may decidedly interfere with 
normal elimination of aqueous humor. 

In the first case, blood will be forced back 
into the aqueous veins and possibly as far as 
into the canal of Schlemm and will produce 
an unphysiologic situation in either of these 
structures; in the second case, outflow of 
aqueous humor will be blocked or at least re- 
tarded. In both cases, sufficient collateral 
pathways may be available in order to com- 
pensate for the alteration of the physiologic 
pressure gradients; in some instances, how- 
ever, this may be impossible for anatomic 
reasons and, in these cases, the contact lens 
will not be well tolerated. 


SuMMary* 

The question of why different eyes show 
varying degrees of tolerability to the refrac- 
tion-correcting contact lens has been ap- 
proached from different viewpoints. Since 
the aqueous-humor elimination can now be 
studied biomicroscopically, a new approach 


to this problem presents itself. 

The aqueous veins of contact-lens-wearing 
patients of the Murphy Memorial Group in 
Cincinnati and volunteers of the Oph- 
thalmology Research Department of the Col- 
lege of Physicians and Surgeons, Columbia 
University, New York, showed, in many in- 
stances, a reversal of the direction of the 
aqueous humor, increase of red-cell content, 
cyanosis and sometimes stagnation in the 
part covered by the rim of the contact lens. 
Before complete stagnation occurred, sludg- 
ing was observed in some of the aqueous 
veins. 

The peak of these changes coincided with 
the time when the wearer of the contact lens 
complained of marked discomfort and was 
unable to wear his lens any longer. 

The reversal of current of the aqueous 
veins under the contact lens cannot explain 
all phenomena interfering with the toler- 
ability of the contact lens but if it occurs, 
it must produce an unphysiologic situation 
by blocking or at least retarding the normal 
elimination of intraocular fluid. 

5 West Fourth Street. 


* Footnote added during proof reading: Convin- 
cing proof of my conclusions was provided by re- 
cently published observations by A. Huggert (In- 
crease of intraocular pressure when using contact 
lenses. Acta Ophth., 29 :474-482 (No. 4) 1951) who 
observed intraocular-pressure increase in 25 of 33 
eyes wearing contact lenses with narrow haptic for 
30 minutes; in nine of these eyes, the pressure in- 
crease amounted to 10 or more mm. Hg. 
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DIscussION 


Dx. GrorGiana D. TuHeosatp [Chicago]: I take 
this opportunity to show you a few microscopic 
slides of the canal of Schlemm and its connecting 
canals. These will help you to understand and to 
visualize the flow of aqueous from the anterior 
chamber, through the intratrabecular spaces, 
through the inner canals of Sonderman into the 
canal of Schlemm. 

The aqueous leaves the canal of Schlemm by 
means of external collector channels which form 
a deep intrascleral plexus. The branches from this 
deep-intrascleral plexus may follow three paths: 
(1) In the three eyes I examined, there were five 
to seven branches which emptied into the ciliary 
body—that is, vena vorticosa; (2) most of the 
branches run diagonally through the sclera, to 
empty into the anterior ciliary veins; (3) some run 
almost vertically to the surface of the sclera on 
their way to join the anterior ciliary veins; it is 
these latter branches of the deep intrascleral plexus 
which are seen as aqueous veins. 

In the depths of the sclera are some arteries and 
veins which have no connection with the canal of 
Schlemm. The veins of this plexus which is desig- 
nated as the intrascleral plexus (in contradistinction 
to deep intrascleral plexus) connect with the veins 
of the latter and furnish the blood seen in aqueous 
veins. 

I have made many models of these connections, 
some of which I have shown you today. Normally 
there is no barrier to the outflow of aqueous from 
the anterior chamber to the anterior ciliary veins. 


Dr. Lupwic von SALLMANN (New York): Dr. 
Ascher offered a rather guarded opinion on the 
connection between disturbances in the circulation 
of the aqueous veins and of the vascular system 
in the anterior segment of the eye on one side and 
the tolerance of contact lenses on the other. I 


think that recent experiments of Dr. Smelser and 
Miss Ozanics throw some light on these questions. 
Since Dr. Smelser cannot be here, I take the liberty 
of reporting very briefly the results of their latest 
experimental series which will be published in the 
near future. 

Dr. Smelser found in a group of volunteers, by 
using contact lenses with tubular openings, that 
changes of the pH of the sublens fluid was an im- 
portant factor in producing halos and that by pre- 
venting the shift of the pH in this fluid to the 
acid side, the visual disturbances and other signs of 
poor tolerance for the contact lens did not occur. 

It would seem, then, that the changes which Dr. 
Ascher observed in the circulation of the episcleral 
vessels in connection with the wear of contact lenses 
is a codrdinated sign and not of causative nature jn 
respect to the development of blurred vision by the 
use of contact lenses. I wonder what Dr. Ascher 
thinks about this interpretation. 


Dr. Josern I. Pascat (New York): I want to 
ask Dr. Ascher whether any observations were 
made in cases of patients who wear lenses 10 or 
12 hours comfortably with reference to any changes 
apparent at the end of that period; in other words, 
whether any work was done to determine whether 
the comfort which these people find by wearing con- 
tact lenses eight to 10 hours is in spite of this 
back-flow and other disturbances, or whether, in 
those cases, the eye adjusted itself to the lenses 
so that the disturbances disappear. 


Dre. Joun M. McLean (New York): I would 
like to ask Dr. Ascher a couple of questions, It 
seems that he has demonstrated fairly clearly by 
the absence of this p!enomenon when the scleral 
segment of the contact lens is not present, as in the 
lacrimal lens, or when there is no scleral segment 
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at all as in the so-called corneal lens, that this is 
a pressure phenomenon rather than a secondary re- 
sult of some respiratory change. 

I wonder, therefore, if he has been able to cor- 
relate a few possible clinical factors—for example, 
whether he has been able to correlate the degree of 
tolerance of contact lenses in different eyes with 
the number, if any, of aqueous veins in those eyes; 
whether it might be possible to predict that in 
certain patients with more and larger aqueous 
veins, contact lenses would be less tolerable than 
in patients with small ones, or if contact lenses 
would be tolerated better. 

I would also like to inquire whether he has made 
a correlation between intraocular pressure before 
and after these changes have been caused by wear- 
ing of contact lenses. It seems that there is some 
potential connection which might or might not turn 
out to be significant in the change in surface 
aqueous circulation produced by these lenses. 


Dr. K. W. Ascuer (closing): I want to thank 
all the discussers very heartily. The beautiful slides 
of Dr. Theobald show the connections between the 
canal and the veins at the surface very definitely 
and it was a pleasure to see them. 

The response to Dr. von Sallmann’s question is 
partly contained in the closing paragraphs of my 
paper. Unfortunately, my stay at the Presbyterian 
Hospital was much too short. I would have liked 
to discuss all questions more extensively and to go 
on with more experiments; I think that, like in 
everything connected with the aqueous veins, there 
is a lot of information still hiding behind the veil 
of the future and we have to go on investigating. 

With regard to Dr. Pascal's question: we did find 
patients in the Presbyterian Hospital who could 
wear their contact lenses for 12 hours. The location 
of their aqueous veins was very deep, particularly in 
one man I remember. However, in order to obtain 
statistically significant evidence, the question should 


be approached with a larger material. The re- 
sponses of aqueous veins to contact lens were the 
same at reéxaminations. 

These things are also connected with psychologi- 
cal factors; some people are not much aware of dis- 
comfort, others are. This man showed aqueous veins 
very deeply imbedded in pretty tough subconjunc- 
tival tissue; they were not so much on the surface. 
I do not know whether this will be an explanation 
in the future. 

This will answer partially Dr. McLean's ques- 
tion also. He asked about the number of the aque- 
ous veins. We must bear in mind that those aque- 
ous veins which we see are only a part of the 
system eliminating aqueous humor and that there 
are, also connected with Schlemm’s canal, other 
less superficially located veins which we do not 
easily see; it is possible that eyes which show 
fewer aqueous veins on the surface will be better 
wearers of contact lenses because their elimination 
channels are more protected by scleral and sub- 
conjunctival tissue than those with superficially 
located aqueous veins; but all this is guesswork for 
the time being. I do not have enough material to 
give a scientifically valid answer. 

To the question of Dr. McLean regarding intra- 
ocular pressure: In the beginning I did not com- 
pare the intraocular pressure before .and after wear- 
ing a contact lens. Later, I used the Schigtz tono- 
meter in every patient over 20 years of age and so 
I did before insertion and after removal of the 
contact lens in five or six contact-lens wearers: I 
did not find any significant differences. 

We know that these manipulations influence in- 
traocular pressure; one expresses some intraocular 
fluid with each application of the tonometer, one 
lowers the intraocular pressure, but one does not 
know much about the eye pressure present while 
the contact lens covers the cornea. Therefore, I 
would not overestimate this modest contribution 
concerning the eye-pressure readings. 
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A CRITICAL STUDY OF LENS METABOLISM* 


I. NONENZYMATIC “RESPIRATION” 


G. S. Curistiansen, Pu.D., anp P. J. Lernrecper, M.D. 
lowa City, Iowa 


The maintenance of the structural and 
functional integrity of the crystalline lens, as 
well as of other tissues, is dependent on a 
constant source of metabolic energy. The sys- 
tems whereby this energy is produced in the 
lens have been the subject of intense experi- 
mental interest during the past several 
decades—an interest based largely on the 
implicit connection between variations in this 
metabolic pattern and the occurrence of 
anomalies in the lens. 

That glucose is consumed by the lens, and 
that the energy supplying system depends 
primarily on glucose as substrate has been 
well demonstrated.’ It is also well established 
that an active glycolytic system exists in the 
lens.» * The oxidative 
metabolic system, however, has not been 
established. 

Claims for the existence of a respiratory 
metabolism of the lens are based primarily 
on the generally observed gas uptake of 
isolated lenses.*** Supporting evidence in- 
cludes such observations as the action on 
this gas-uptake reaction of substances, for 
example cyanide, which are known to act on 
respiratory enzymes.* There have also been 
several claims of the demonstration in lens 
tissue of certain oxidative enzymes,* includ- 
ing parts of the cytochrome system and sev- 
eral dehydrogenases.* 

On the other hand, several well-established 
facts point to the absence or relative unim- 
portance of a respiratory system: The es- 
sentially anaerobic state of the lens in situ 
where it depends for its oxygen supply on 
diffusion from the aqueous, a slow process 
at best and further limited by the low con- 


existence of an 


*From the Departments of Ophthalmology and 
Physiology, College of Medicine, The State Uni- 
versity of Iowa. This study was aided by a grant 
from the John and Mary R. Markle Foundation. 
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centration of oxygen in the aqueous ;’° the 
high concentration of reducing  sub- 
stances ;**" and, finally, conflicting and con- 
tradictory evidence as to the occurrence of 
respiratory enzymes,'* particularly nega- 
tive evidence for the existence in the lens 
of either succinic dehydrogenase or cyto- 
chrome oxidase (or any alternative terminal 
oxidase 1% 

The essence of any argument claiming 
respiratory activity for the lens is the undeni- 
able fact that isolated lenses do take up gas. 
This gas uptake has been generally attributed 
to respiration of the lens epithelium, while 
the bulk substance of the lens has been 
denied any role or significance in either re- 
spiratory activity or this universally ob- 
served gas-uptake reaction.** 

It is a critical study of this gas-uptake re- 
action of isolated lenses with which these 


experiments are concerned. In view of the 
contradictory state of the claims and evi- 
dence concerning the nature of this reaction, 
and in view of other anomalous characteris- 
tics, such as its excessively slow rate and its 
extreme degree of variability, the notion was 


entertained that the reaction was not an 
enzymatic one at all but was rather a non- 
living autoxidation. 

This possibility was tested by comparing 
the rate of gas uptake of lenses, in which all 
enzymatic activity had been destroyed by 
protein denaturation, with that of fresh, un- 
treated lenses. The experiments to be de- 
scribed show conclusively that the reaction 
cannot be catalyzed by a living enzyme sys- 
tem. 

Additional experiments show that the re- 
action is indeed an oxidation; that one mole 
of oxidative carbon dioxide is produced per 
mole of oxygen utilized ; that the addition of 
glucose does not influence the reaction; that 
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the reaction is not limited to the epithelium 
but does involve the bulk lens substance ; 
and finally that the reaction is strongly 
catalyzed by alkali. 


EXPERIMENTAL 
GENERAL METHODS 

These experiments were carried out on 
cither freshly dissected or frozen-thawed 
lenses. Bovine eyes, obtained from the Wil- 
son Packing Company of Cedar Rapids, were 
received in the laboratory within five hours 
after the death of the animal. During this 
interval the eyes were stored in cracked ice. 
The lenses were removed and either used 
immediately in metabolic experiments or 
were quick frozen and stored at —20°C. 
for future use. 

Rabbit lenses were used immediately after 
dissection from animals of body weight of 
1.0 to 1.5 kg. The rabbits were killed by air 
injection. Unless otherwise stated, all lenses 
were whole and the capsule intact. The 
lenses were weighed fresh at the beginning 
of the experiment to the nearest two mg. on 
a torsion balance, and all metabolic activities 
are expressed on the basis of activity per 
gram of fresh weight. 

Conventional Warburg manometric tech- 
niques and apparatus were used for gas ex- 


Rote of Gos Uptake 
microliters per g per hr 


° 4 20 3s 
Stored of -20°C 


Effect of Freezing and Storage on the Rote of 
Gos Uptoke of Bovine Lenses 


Fig. 1 (Christiansen and Leinfelder). Each bar 
represents the average rate of gas uptake of six 
lenses for the three-hour measurement period, 


change measurements.’® The thermostat was 
maintained at 37.5°C. and the rate of shak- 
ing was 120 strokes per minute. Carbon 
dioxide evolution was determined by the 
direct method of Warburg, and both CO, 
and O, exchange were followed for a period 
of three hours, with readings at 20-minute 
intervals. The suspension medium for the O, 
and CO, measurements was distilled water, 
unless otherwise stated. 


I-FFECT OF FREEZING ON THE QO, UPTAKE OF 
BOVINE LENSES, 


In order to justify the use of frozen- 
thawed lenses, it is necessary to determine 
the effect of this treatment, if any, on the 
particular reaction being studied. The lenses 
were removed from fresh bovine eyes; six 
of these lenses were immediately placed in 
respirometer flasks and the rate of O, up- 
take measured. The remainder of the lenses 
were quick frozen and stored at —20°C. 

At various time intervals, groups of six 
lenses were thawed and the rate of gas up- 
take was measured. The results of such 
determinations of the effect of storage on the 
rate of gas uptake are shown in Figure 1. 

These data show that the rate of gas up- 
take of lenses is not affected by freezing and 
storing for periods up to at least one week. 
There is some indication of a very slight 
falling off in rate with longer times of 
storage, but up to 35 days the magnitude of 
this decrease is hardly significant. 

On the basis of these observations, lenses 
which had been stored frozen for no longer 
than one week were considered to be equiv- 
alent to fresh lenses with respect to oxygen 
uptake activity, and were used in these ex- 
periments as fresh lenses. 

EFFECT OF NUTRIENT MEDIUM ON THE RATE 
or OQ, UPTAKE OF LENSES 


It is a general observation that the O, 


consumption, in contrast to the glycolytic 
activity, of lenses is independent of added 
nutrient." The rate of gas uptake is es- 
sentially the same in a medium of pure water, 
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aqueous humor, or a buffered salt-glucose 
nutrient. Indeed, a dry lens with no added 
medium at all will take up gas at the same 
rate as in any nutrient medium used.'* How- 
ever, comparison was made, under identical 
experimental conditions, of the rate of gas 
uptake in water and in 4 nutrient made up as 
follows : 

NaCl 0.12 M CaCl 


KCl 0.0024 M_ Glucose 
MgCl, 0.0007 M PO, buffer 


0.0017 M 
0.011 M 
0.015 M, pH 7.2 
This comparison, presented in Table 1, 
shows clearly that the added nutrient has no 
beneficial effect on the rate of O, uptake 
of either bovine or rabbit lenses. It can there- 
fore be concluded that the requirements for 
the oxidation reaction are completely met by 
the endogenous materials of the lens. 
Furthermore, the use of distilled water as a 
medium for the gas exchange experiments, 
with the accompanying experimental simpli- 
fications, is completely justified. 


VARIABILITY OF RATE OF QO, UPTAKE OF 

BOVINE LENSES 

Reported values for the rate of O, uptake 
of lenses of different species show variation 
as high as tenfold. Even for a single species 
considerable disagreement of reported rates 
exists. For example, rabbit lenses are claimed 
by various authors to respire at rates vary- 
ing from 20 to 150 gl. of O./gm./hr.’ Part of 
this discrepancy can be attributed to variable 
conditions of jut even in 
closely controlled experiments a high degree 
of inherent variation is observed. 


measurement. 


TABLE 1 
COMPARISON OF RATES OF Oo UPTAKE OF LENSES 
IN WATER AND IN NUTRIENT MEDIUM 


Microliters of per 


Number of 

Determina- 
In tions 

| Water | Nutrient! | 


Bovine 8.2 
Rabbit 31.5 


| 


! Nutrient medium composed of the following: 
0.12 M NaCl, 0.0024 M KCl, 0.0007 M MgCh, 
0.0017 M CaCh, 0.011 M glucose, 0.015 M PO,-~ 
buffer, pH 7.2. 


In the course of these experiments almost 
200 separate observations were made of the 
rate of gas uptake of bovine and rabbit 
lenses in which the conditions of the experi- 
ment were rigidly controlled. 

The data from a typical experiment on 
bovine lenses are shown in Figure 2. The 
quantitative significance of this single set 
of data is slight, but the point is demon- 
strated that straight line relationships result 
when the gas uptake is plotted against time, 
rate maintains 

experimental 


constant 
three-hour 


showing that a 
throughout the 
period. 

Figure 3 shows the extent of variation and 
the distribution of the results of the gas 
uptake determinations on bovine lenses. The 
number of observations falling within a 
given range is plotted on the vertical axis 
against the relative rate of gas uptake on the 
horizontal axis. These curves have the gen- 
eral outline of probability curves, and show 
an extreme variation of about fourfold. 


Fig. 2 (Christiansen and Lein- 
felder). Data typical of all experi- 
ments summarized in Table 2 and 
Figure 3. 
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of Ges Determinations of Bovine Lenses 


Fig. 3 (Christiansen and Leinfelder). The upper, 
solid curve refers to fresh lenses, and the broken 
curve to boiled lenses. All determinations were 
carried out in an atmosphere of air. Each point 
represents the number of determinations which fell 
within a given range of rates. For example, the 
maximum point of the solid curve indicates that 
24 determinations on fresh lenses showed rates of 
gas uptake between 7 and 8 pl./gm./hr. 


Table 2 indicates the degree of variation 
in the rate of gas uptake of rabbit lenses as 
well as bovine lenses. Again the range of 
values is the order of a fourfold variation. 

In view of these data it must be accepted 
that any quantitative conclusions concerning 
the gas uptake of isolated lenses must be 
based on a large number of carefully con- 
trolled observations. 


EFFECT OF ENZYME DENATURATION ON O, 
UPTAKE OF LENSES 


(a) Heat denaturation. Fresh lenses were 
placed in Warburg respirometer flasks and 


TABLE 2 


RATE OF OXYGEN UPTAKE OF FRESH 
AND BOILED LENSES 


Microliters of per 
gm. per hr. 


Number of 
Determina- 
trons 


Average Range 


Bovine: 
Fresh 8. 3.8-15.8 | 93 
Boiled | 8 3.5-15. 


Rabbit: | 
Fresh 
Boiled 


13.1-58.0 
21.0-58.2 


covered with two ml. of distilled water. The 
flasks were then evacuated at the aspirator, 
flushed with nitrogen, reévacuated and 
flushed, and finally plunged into boiling 
water. The heating was continued for about 
10 minutes, at which time the lenses had be- 
come a dense, opaque white, and quite hard. 
The flasks were then cooled in water to 
room temperature. Throughout the period of 
heating and cooling a stream of washed 
nitrogen was passed through the vessels. 

After cooling, the flasks were opened, 
flushed with air, and charged with the neces- 
sary ingredients for the particular experi- 
ment. Simultaneous determinations were 
made of the rate of gas uptake of these 
boiled lenses, and of lenses which had not 
been heated but which had otherwise been 
treated the same. 

The results of such determinations on a 
total of 107 fresh and 66 boiled lenses, all in 
an atmosphere of air, are shown in Table 2. 
It is apparent that heat denaturation and the 
concomitant destruction of any oxidative 
enzyme system have no effect on the rate of 
gas uptake. This reaction, the uptake of gas 
by isolated lenses, therefore cannot be an 
enzymatic respiratory process, but rather 
must be some nonliving chemical reaction. 

(b) Denaturation with protein precipi- 
tants. Experiments were carried out in which 
any enzyme systems present in the lens were 
destroyed by chemical protein precipitants. 
Reagents used in this way included five-per- 
cent trichloroacetic acid, 0.33 M. AlCls, and 
pure acetone. There is considerable uncer- 
tainty as to the degree of enzyme destruction 
in these treatments since none of these 
reagents is as effective as heat treatment in 
denaturation of protein. 

All three chemicals caused a surface coagu- 
lation of the protein to form a tough, opaque 
white shell but showed no evidence of deep 
penetration into the bulk lens substance. 
Furthermore, the experimental complications 
associated with the use of these reagents, 
the direct pH effects of the two acids, and 
the volatility of the acetone, tend to obscure 
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effects associated 
denaturation. 

Acetone-treated lenses were soaked for 10 
minutes in pure acetone, then rinsed briefly 
in water. The lenses were allowed to equili- 
brate in the respirometers at 37.5°C. for 
30 minutes to remove the acetone and mini- 
mize volatilization during the gas exchange 
measurements. The trichloroacetic acid and 
AIC]; were added directly to the respirom- 
eter vessels containing the lenses. 

The relative rates of gas uptake, expressed 
as percent of untreated controls, of lenses 
treated with these protein denaturants are 
shown in Figure 4. The small number of ex- 
periments preclude any precise quantitative 
conclusions concerning the effect of these 
treatments. However, it can be concluded 
that acetone coagulation of the surface pro- 
teins, as with heat destruction, has no effect 
on the rate of O, uptake of lenses. 

The two acid denaturants, trichloroacetic 
acid and AICI, do cause an undeniable low- 
ering of the rate of gas uptake. This effect 
is, however, entirely one of pH and is not 
associated directly with the denaturation of 
proteins and the inactivation of an enzyme 
system. The pH of the lenses treated with 
these substances, as determined by indica- 
tors, is below 2 and, as will be shown in a 
subsequent section of this paper, the gas up- 
take of lenses is pH sensitive, decreasing in 
rate with decreasing pH. 


directly with protein 


Errect or PH ON THE RATE OF GAS UPTAKE 

OF BOVINE LENSES 

The observation that strong acid protein 
denaturants cause a marked decrease in the 
rate of gas uptake of lenses, while other 
methods of protein destruction (including 
heat and acetone treatment) have no effect, 
would indicate that the reaction is strongly 
pH sensitive. Other observations tend to bear 
out this. 

If whole lenses are mide basic, a marked 
rise in the rate of gas uptake is observed. 
In eight experiments in which 0.2 ml. of 20- 
percent KOH was dumped, after tempera- 


Rote of Gos Uptoke 


percent of untreated contro! 


(6) (28) (6) 
Tca Tca 
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(6) 
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Bovine 


Effect of Protein Precipitonts on the Rate of Gos Uptoke of 
Rabbit and Bowne Lenses 


Fig. 4 (Christiansen and Leinfelder). Each bar 
represents the average rate of gas uptake of the 
number of lenses and for the treatment indicated 
under the respective bars. Acetone, 100 percent; 
AICls, 0.33 M; trichloroacetic acid (five percent). 


ture equilibration, into the body of thé res- 
pirometer flask containing a bovine lens in 
1.0 ml. of water, the rate of O, uptake av- 
eraged 45yul./gm./hr. and ranged from 42 to 
49. 

The pH of the lens and medium was de- 
termined by indicators to be between eight 
and 10 for each of the eight lenses at the end 
of the three-hour experiment. Thus a sixfold 
increase in the rate of O, utilization is ob- 
served when the pH of the medium rises by 
about two pH units. 

Because of the inherent difficulties in ac- 
curately controlling the pH of whole intact 
lenses, the pH dependence of this reaction 
was determined on homogenates of lenses. 
The homogenates were made by grinding 
frozen bovine lenses with an equal weight of 
cold distilled water or of buffer solution for 
two minutes in a Waring blendor. The pH 
of the unbuffered homogenates varied be- 
tween 6.2 and 6.8. 

Phthalate buffers were used for the pH 
range below 7.0 and borate buffers above, all 
at a concentration of 0.2 M. Electrometric 
pH determinations showed that the buffers 
at this concentration were sufficiently strong 
to control effectively the pH of the homoge- 
nates. In the range from five to 10, the pH 
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Rote of Gos Usgiote 


pH Dependence of the Gos Uptoke of Bovine Lens Homogenctes 


Fig. 5 (Christiansen and Leinfelder). Each point 
represents the average of two determinations. 
Frozen lenses were homogenized for two minutes in 
a Waring blendor with equal weight of borate or 
phthalate buffer, 0.2 M. The pHs were checked 
with glass-calomel electrodes at the end of the 
three-hour experimental period. 


was not changed at all by the presence of the 
lens tissue. Beyond this range the change was 
less than 0.1 pH unit. 

The results of these determinations are 
shown in Figure 5, in which the rate of gas 
uptake is plotted against the pH. A sharp 
break in the curve is seen at pH 7.0. Above 
this point the rate of gas uptake increases 
rapidly with increasing pH, up to a least 12. 
tclow 7.0 there is a slight decrease in rate 
with decreasing pH. A curve of this type is 
characteristic for a chemical reaction, strong- 
ly catalyzed by alkali. 

The lowering of the rate of O, uptake with 
decreasing pH explains the apparent anti- 
catalytic effect of strong acid protein de 
naturants described above. The pH of lenses 
treated with trichloroacetic acid or AlCl, was 
below 2.0, and extrapolation of the curve of 
Figure 5 to this pH indicates that the ex- 
pected decrease in rate is the same order of 
magnitude as was observed in the denatura- 
tion experiments. 


It should also be pointed out that the rate 
of O, consumption per gram of tissue is dis- 
tinctly greater for homogenates than for 
whole, intact lenses—about 17 yl./gm./hr. 
for homogenates at pH 6.5 as compared with 
8.2 for whole lenses. This observation would 
be expected if the rate of O, uptake is 
limited by the degree of penetration of O, 
into the whole lens. 


Errect OF O, CONCENTRATION ON THE RATE 
OF GAS UPTAKE OF LENSES 


The reasonable assumption has generally 
been made that the gas taken up by isolated 
lenses is in fact oxygen. However, the non- 
enzymatic character of the reaction, as shown 
by the denaturation experiments, implies a 
lack of specificity and suggests that the re- 
action may be a nonspecific physical uptake 
of gas. Such a possibility has not been elimi- 
nated by previously described experiments. 

This possibility was tested by varying the 
(), concentration of the atmosphere in which 
gas exchange measurements were made. In 
pure N, no measurable gas uptake was ob- 
served. This was the invariant result of 18 
experiments. Figure 6 shows the effect of 
pure O, on the rate of gas uptake. 

In both fresh and boiled lenses the five- 
fold increase in O, concentration, from air 
to pure O,, causes an increase of about 50 
percent in the rate of gas uptake. This de- 
pendence of the rate of gas uptake on the O, 
concentration, plus the total failure of lenses 
to take up gas in pure N», proves that the 
reaction being studied is indeed the consump- 
tion of oxygen. 

There is a further implication in this in- 
crease in rate of O, uptake paralleling an in- 
crease in the concentration of O,. With a 
thick tissue such as lens, the effect of in- 
creasing the concentration of O, is to in- 
crease the depth to which O, penetrates the 
tissue. Dixon has calculated this to be about 
0.5 mm. for pure O, as compared with 0.2 
mm. for air."* Thus we have observed an in- 
crease in the rate of O, utilization paralleling 
the penetration to depths beyond 0.2 mm. 
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This observation suggests that the internal 
bulk lens substance, as well as the surface 
epithelium, is involved in the reaction. 


EFFECT ON O, UPTAKE OF BOVINE LENSES OF 
REMOVING THE CAPSULE, EPITHELIUM, 
AND OUTER CORTEX 
The gas uptake of isolated lenses in vitro 

has been generally attributed to respiration 

of the lens epithelium. The observation that 

denatured lenses still take up oxygen at a 

rate indistinguishable from undenatured 

lenses proves that the reaction cannot be a 

respiratory one in the usual sense of a heat 

labile enzymatic reaction with oxygen. 
Furthermore, the observation that the rate 

of O, consumption increases with increasing 

depth of penetration of O, indicates that the 


-cortex as well as the epithelium is involved 


in the reaction. This point can be proved, 
however, by determination of the rate of O, 
consumption by lenses in which the epithe- 
lium has been completely removed. 

If the reaction is exclusively associated 
with the epithelium, then such a treatment 
should remove all or most of the oxidative 
capacity of the lens. 

Frozen bovine lenses were carefully 
“peeled” to a depth of about one mm. A 
good deal of the cortex was removed by this 
treatment, but every trace of the epithelium 
was assuredly eliminated, The remaining 
fragment, the nucleus with some cortex, sur- 
rounding it, was placed in a respirometer 
flask, thawed, and the ©, uptake measured 
in the usual way. 

The rate of O, uptake of 10 such nuclear- 
cortical fragments ranged from 5.9 to 8.3 
ul./gm./hr. and averaged 7.3. This, com- 
pared with an average of 8.2 for whole, in- 
tact, fresh lenses, indicates a decrease in rate 
of only about 10 percent which, in view of 
the inherent uncertainties of a small number 
of observations, is hardly significant. 

Thus it must be concluded that the O, up- 
take of isolated lenses is not limited to the 
surface epithelium, but must involve the 
bulk lens substance as well. 
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FRESH BOILED 
Oxygen Uptoke of Bovine Lenses in Air and in Pure Oxygen 


Fig. 6 (Christiansen and Leinfelder). Each bar 
represents the average of the number of deter- 
minations and for the conditions indicated under 
the respective bars. 


CARBON-DIOXIDE PRODUCTION 


Carbon-dioxide measurements were made 
by the direct method of Warburg in atmos- 
pheres of air and of pure nitrogen. A typical 
experiment is shown in Figure 7 and, al- 
though the quantitative relationships of a 
single experiment are of slight significance, 
several facts are apparent. 

First, the rate of CO, production is not 
constant as is the O, uptake, but decreases 
steadily with time. Second, CO, is evolved to 
a considerable extent under anerobic condi- 
tions in which no oxidation can take place. 
Third, fresh lerses give off CO, at a signifi- 
cantly greater rate than do boiled lenses— 
another point of contrast with the oxidative 
reaction. And finally, the rate of CO, pro- 
duction in air is considerably greater than is 
the rate of O, uptake. 

The solid curves of Figures 8, 9, and 10 
summarize the data on CO, evolution of 
fresh and boiled bovine lenses and fresh 
rabbit lenses. Each curve is the plot of the 
average of the individual readings for all 
the lenses studied under that particular set of 
conditions. 
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= 
Fig. 7 (Christiansen and Lein- 
35 “4 foe -$ felder). Data typical of all experi- 
és: ments summarized in Figures 8 and 
9. 
3 - 
20 700 720 740 10 
Time - mutes 
Cerbon Evolution of Bovine Lenses 
} - The observation that CO, is still evolved, 
| ‘ by both fresh and boiled lenses, when main- 
‘ a ttn tained in the anaerobic state, shows that at 
a least part of the total CO, evolved in air is 
f 3 ” nonoxidative and must be entirely independ- 
ent of the oxidation reaction. 
There is, however, a considerable produc- 
Hi a tion of CO, which does accompany and 
parallel O, utilization. This oxidative CO, 
d oie is the difference between the total observed 
a“ CO, evolved in air and that evolved in Nz, 


where no oxidation can take place. 
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ik Corder Pregucton of Freeh Bowne Lenses The time course of the oxidative Co, 

Fig. 8 (Christiansen and Leinfelder). Each point production, represented by the broken curve 

on the aerobic and anaerobic curves represents the in each of Figures 8, 9. and 10, was calcu- 

average of the individual readings (at 20-minute 

intervals) for the number of determinations in- lated by subtracting the lower curve (anaero- 
: dicated in parentheses on the curve. Aerobic deter- bic CO, ) from the upper curve (aerobic 

i : minations were made in air, anaerobic in nitrogen. CO.). In each case a straight line results, 
The oxidative curve (broken line) was determined 

i by subtracting the anaerobic from the aerobic. indicating a constant rate of oxidative pro- 
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Fig. 9 (Christiansen and Lein- 
felder). Conditions the same as for 
> Figure 8. 
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duction of CO, paralleling the constant rate 
of O, consumption. Furthermore, the slopes 
of these curves, which indicate the rates of 
oxidative CO, production, are extremely 
close to the corresponding rates of O, up- 
take: 9.2 wl. of CO,/gm./hr. compared with 
8.2 pl. of O./gm./hr. for fresh bovine lenses, 
98 to 8.0 for boiled bovine lenses, and 35 to 
32 for rabbit lenses. 

When expressed as ratios of oxidative 
CO, to O,, that is as true respiratory quo- 
tients, the values are very close to unity, 1.1, 
1.2, and 1.1 respectively. It must be con- 
cluded then that the oxidative reaction being 
studied in these experiments is one in which 
one mole of CO, is produced for each mole 
of O, consumed. 

There are two likely sources of this extra, 
nonoxidative CO,: It may be the result of 
some other chemical reaction, the most prob- 
able being the liberation by acid from bi- 
carbonates in the lens tissue ; or it may be the 
physical dissolution of dissolved COs, the gas 
passing from the state of higher concentra- 
tion in the lens to lower concentration in the 
atmosphere. 


TOTAL ACID-LIBERATED CO, OF BOVINE 

LENSES 

The possibility that the nonoxidative CO, 
evolution may be an acid liberation from bi- 
carbonates of the lens was tested by decom- 
posing these bicarbonates by strong acidifica- 
tion. Sulfuric acid (0.2 ml. of 4 N acid) was 
dumped from the side arm onto lenses in the 
body of respirometer flasks at time zero 
(after temperature equilibration), and at 
various time intervals throughout the three- 
hour experimental period. 

Such acidification experiments were car- 
ried out on fresh and boiled lenses, whole 
and minced, and in atmospheres of air and of 
nitrogen. The results of these experiments 
were essentially the same for all of these 
conditions. Figure 11 compares the average 
of 17 fresh lenses in air, acidified at time 
zero with 32 unacidified controls. Figure 12 
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Figure 10 (Christiansen and Leinfelder). 
Conditions the same as for Figure 8. 


compares eight boiled lenses in nitrogen, 
acidified in pairs at 40-minute intervals, with 
14 unacidified controls. 

In these experiments, as well as in those 
under the other conditions, the effect of 
strong acidification was a rapid liberation of 
20 to 25 wl. of CO,, displacing the acidified 
curves this amount above the control curves, 
after which the evolution of CO, continued 
on a course parallel to that of the unacidified 
controls. 

The conclusion is therefore necessary that, 
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Fig. 11 (Christiansen and Leinfelder). Each 
curve is the average of the number of determina- 
tions shown in parentheses. The lenses were acidi- 
fied at time zero by dumping 0.2 ml. of 4 N 
H.SO, into the body of the respirometer flask con- 
taining the lens. 
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ae Fig. 12 (Christiansen and Lein- 
H 4 felder). The lower curve represents 
& E so) the average of 22 determinations of 
ge the carbon dioxide liberation of 
3 7 boiled lenses. Each of the other 
2 20 (22 ___4 curves represents the average of 
two determinations of acid liber- 
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es a H:SO,) was dumped at the times 

indicated by the arrows. 
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Acid Liberated Cerbdon Dioxide of Minced Boiled Bovine Lenses in Nitrogen 


although there is bicarbonate equivalent to 
20 to 25 wl. of CO, present in the lens, the 
measured CO, evolution of unacidified lenses 
is entirely independent of any acid decom- 
position of this bicarbonate to produce CO,. 


Errect oF CO, CONCENTRATION ON THE 
EVOLUTION OF CQO, 


If the nonoxidative CO, evolution repre- 
sents an approach to solubility equilibrium 
between the gas phase and the lens, then by 
the mass action effect the reaction should be 
prevented or reversed by an increase in the 
CO, concentration of the atmosphere. 

Sixteen fresh bovine lenses and eight 
boiled lenses were studied under conditions 
identical to those of the already described 
CO, measurements, with the exception that 
the atmosphere was a mixture of five-per- 
cent CO, and 95-percent N, (a hundredfold 
increase in CO, concentration). In none of 
these experiments was there measurable gas 
evolution, indicating that the nonoxidative 
CO, evolution of bovine lenses is a physical 
dissolution of the gas. 

Further supporting evidence is offered by 
the lower rate and decreased quantity of 
measured CO,, both total and nonoxidative, 
in the boiled lenses, as is shown by compari- 
son of Figures 8 and 9. It would be expected 
that the repeated evacuation and flushing, as 
well as the heating, of these lenses would 
drive off considerable dissolved gas, and 
thereby decrease the rate and the quantity 


evolved during the subsequent observation 
period. 


CONCLUSIONS 


The gas uptake of isolated lenses is an 
oxidation reaction. This conclusion is sup- 
ported by the observations (a) that no gas is 
taken up when lenses are incubated in an 
atmosphere of pure nitrogen, and (b) that 
increasing the concentration of oxygen in 
the atmosphere from 20 to 100 percent causes 
an increase in the rate of gas uptake of 
about 50 percent. 

This oxidative reaction produces one mole 
of carbon dioxide for each mole of oxygen 
used. However, the direct relationship be- 
tween O, used and CO, produced is ob- 
scured in direct carbon-dioxide measure- 
ments by a nonoxidative evolution of CO, 
by physical dissolution of gas from the lens 
to the atmosphere. 

This physical dissolution of gas is pre- 
vented or reversed by increasing the con- 
centration of CO, in the atmosphere. Its 
magnitude and rate are also lowered appre- 
ciably by subjecting the lenses to reduced 
pressures, and by heating for a short period 
just prior to the gas exchange measurements. 

Increasing the concentration of oxygen in 
the atmosphere has the effect of increasing 
the depth to which the gas penetrates the tis- 
sue. Thus the observation of an increased 
rate of oxidation paralleling the increase of 
O, concentration implies that the deeper cor- 
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tex of the lens as well as the surface epithe- 
lium must be involved in the reaction. 

Further evidence for this conclusion is 
contained in the observation that lens homo- 
genates, in which the depth of penetration of 
the gas is no longer limiting, take up oxygen 
at twice the rate of whole lenses. That the 
bulk substance of the lens does indeed par- 
ticipate in this reaction is proven by the fact 
that removal of all the epithelium (plus the 
capsule and part of the peripheral cortex) 
causes no appreciable decrease in the rate 
of O, uptake per weight of tissue. 

The major point of these experiments is 
the inescapable conclusion that the gas up- 
take of isolated lenses is not a respiratory 
reaction. This conclusion is based on a total 
of 116 determinations on fresh lenses com- 
pared with 76 on boiled lenses in which no 
change in the rate of oxygen uptake was 
caused by boiling. 

Such a treatment, in which the lens protein 
is completely denatured, would be expected, 
by all normal criteria of protein and enzyme 
behavior, to destroy completely all enzymatic 
activity.”” Indeed, the very definition of en- 
zyme includes the concept of heat instabil- 
itv.2% 21 

Fortunately, however, there exists, in the 
presence of an active glycolytic system, a 
control experiment which obviates the neces- 
sity of any assumption as to the degree of 
enzyme destruction. As will be shown in 
the second paper of this series,** the gly- 
colytic activity of isolated lenses is rapidly 
and completely destroyed by this heat treat- 
ment which has no effect on the oxidative 
reaction. 

Supporting evidence for the conclusion 
that the oxidative reaction of isolated lenses 
is nonenzymatic is offered by the results of 
experiments in which the proteins, at least 
those of the surface, are denatured by chemi- 
cal precipitants. Acetone treatment which co- 
agulates the surface proteins to a tough, 
opaque shell does not decrease the rate of 
O, uptake. Strong acids do cause some low- 


ering of the rate, but only to the extent ex- 
pected from the influence of the very mark- 
edly lowered pH. 

The shape of the pH versus rate of oxida- 
tion curve offers further supporting evidence 
for the nonenzymatic character of the reac- 
tion. It is a cardinal characteristic of all en- 
zymatic reactions which have betn studied 
to 'show a maximum of activity near the 
center of the pH scale, and to decrease in 
activity without limit as both extremes of 
pH are approached.*° The observed pH ac- 
tivity curve is completely atypical of an en- 
zymatic reaction. The slow increase in ac- 
tivity as the pH increases from strong acid 
to neutrality, then the very rapid, unlimited 
rise in rate with further increase in pH char- 
acterizes the reaction as a chemical oxidation, 
subject to strong catalysis by alkali. 

Finally, the experiments which proved 
that the noncellular bulk substance of the 
lense is at least as active as the epithelium in 
the oxidation reaction should be quoted as 
still further support of the claim of a non- 
enzymatic nature of the reaction. 

These experiments are by no means the 
first to demonstrate the presence in the lens 
of an autoxidizing system. Goldschmidt,” 
Adams,"* and Kronfeld,** among others, 
have discussed this question. However, in 
all of these reports the autoxidizing system 
was claimed to be a part of or an auxiliary 
to a hypothetical respiratory metabolism. 
And in no case was the statement or impli- 
cation made that it was anything more than 
an incidental part of or stage in the overall 
respiration of the crystalline lens. Further- 
more, the reaction studied by these investiga- 
tors was the oxidation of sulfhydryl com- 
pounds to disulfides, a reaction which con- 
sumes oxygen but produces no CO,, and, 
therefore, cannot be identical to the presently 
discussed reaction. The relationship, if any, 
between the two reactions is not clear at 
present. 

These experiments do not answer the 
question, “Is the epithelium (or any other 
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part) of the lens capable of carrying out a 
respiratory metabolism in vivo?” However, 
the implication of these experiments, as well 
as the mass of previously reported evidence, 
is that the lens does not respire in the usual 
sense of a heat labile, enzymatic reaction 
with oxygen. At most, respiration can be of 


only slight importance in the energy metabo- 
lism of the lens. These experiments do prove 
that the oxygen uptake of isolated lenses, in 
vitro, is a nonliving, nonenzymatic chemical 
oxidation of questionable significance in the 
physiology of the lens. 

University Hospitals. 
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Energy for the performance of function 
and the maintenance of structure is derived 
from respiration and glycolysis. Studies of 
the metabolism of the lens have demonstrated 
that glycolytic activity is considerable, but 
the significance of it seems to have been 
lost in consideration of the inefficiency of 
the glycolytic process for energy production. 
However, the utilization of glucose by the 
lens and the presence of lactic acid in the 
aqueous, which is decreased in amount when 
the lens is removed, indicate that this is a 
real and active process in maintaining the 
status of the lens. 

Comparisons have shown that the rates 
of anaerobic and aerobic glycolysis are 
similar (Kronfeld and Bothman'), which 
demonstrates that the process is fully active 
at all times and adapted to anaerobic condi- 
tions. Furthermore, the various stages of 
glycolysis from the phosphorylation of glu- 
cose to the formation of lactic acid have been 
identified and correlated with the same proc- 
ess occurring in muscle.* 

Bellows® believes that the low oxygen ten- 
sion of the aqueous indicates that most of 
the energy requirements of the lens are 
derived from glycolysis. In  cataractous 
lenses the glycolytic activity is depressed 
while the oxygen uptake remains unchanged 
until complete opacity occurs (Campos 
1937, Ferrara 1938,5 Taliercio, 1939*). 

Oxygen uptake has been associated with 
the glutathione oxidation and _ reduction 
mechanism (Kronfeld’). This seems justified 
because the “respiratory” activity of the 
cellular epithelium is the same as that of the 
acellular cortex.* 


* From the Department of Ophthalmology, Col- 
lege of Medicine, The State University of Iowa. 
This study was aided by a grant from the John 
and Mary R. Markle Foundation. 
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A CRITICAL STUDY OF LENS METABOLISM* 
II. GLycorysis 


P. J. Lernrecper, M.D., anp G. S. CurisTiANsen, Pu.D 
Iowa City, 


An investigation was made of the glyco- 
lytic process in bovine and rabbit lenses in 
order to determine itp stability and the ¢ fects 
of physical changes upon it. 


MetTHops 


Bovine eyes were obtained from the pack- 
ing house? where they had been placed in an 
iced container at 4°C. When received in our 
laboratory five hours later, the lenses were 
removed from the eyes and frozen for use 
in later experiments, lyophilized, or used 
immediately. The usual weight of the bovine 
lens was near two gm. Rabbit lenses of near 
300 mg. weight were’ removed from animals 
weighing 1.0 to 1.5 kg. These were usually 
utilized immediately, but some were frozen 
in order to compare them with frozen bovine 
lenses. 

Glycolysis was measured by the mano- 
metric technique, whereby CO, is liberated 
from bicarbonate buffer by the lactic acid 
produced.® Anaerobic methods were used 
most frequently. 

In initial experiments the glycolysis of 
fresh rabbit and bovine lenses was deter- 
mined by aerobic and anaerobic methods. 
These rates demonstrated great variability 
in activity with individual variations as great 
as 100 percent or more. Repeated experi- 
ments were carried out, and it became ap- 
parent that the variability in the two series 
was the same, and there was no significant 
difference between the means of the aerobic 
and the anaerobic series. 

Although a correlation appears to exist be- 
tween the size of the lens (the age of the 
animal) and the rate of metabolism, the 
smaller lenses being more active per unit 
weight than the large ones, a very large num- 
ber of experiments would have to be done to 
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Fig. 1 (Leinfelder and Christiansen). Bovine 
lenses were approximately 2.0 gm. wet weight; rab- 
bit lenses approximately 0.3 gm. 


determine accurately the quantitative rela- 
tionship. 

When one speaks of the rate of glycolysis 
of the lens, it must be done in relative terms, 
and one should specify the weight of the lens 
and the age and species of animal (fig. 1). 
Even then the values obtained are subject to 
individual variations. 

Rabbit lenses of approximately 500 mg. 
wet weight usually produce sufficient lactic 
acid to liberate 5.0 to 6.0 wl. of CO, per 100 
mg. per hour, while those near 300 mg. wet 
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Effect of Boiling on Glycolytic Activity of Bovine Lenses 


Fig. 2 (Leinfelder and Christiansen). Lenses 
placed in boiling bicarbonate buffered saline solu- 
tion for times indicated, then transferred to res- 
pirometer flasks and glycolysis measured in the 
usual way. 


weight will liberate 14.0 to 16.0 wl. per 100 
mg. per hour. Bovine lenses of 2.0 gm. are 
similar in activity to 0.5-gm. rabbit lenses. 
Sometimes individual lenses will glycolize at 
two to three times this rate for no recogniz- 
able reason. 

Glucose in concentration of 200 mg./100 
ml. is the ordinary substrate for glycolysis. 
Its absence from the experimental fluid 
causes a decided inhibition of glycolysis, but 
some (lactic) acid production occurs for at 
least two and one-half hours (fig. 1). The 
basic rate per mg. per hour without glucose 
is the same for bovine and rabbit lenses. 
Liver glycogen and galactose can be utilized 
by the lens in glycolysis, but with them as 
substrate the rate of (lactic) acid formation 
is less than with glucose. The effect of other 
carbohydrates was not tested. 

In order to maintain a supply of experi- 
mental material in the laboratory, fresh 
bovine lenses were quickly frozen and stored 
at —20°C. Comparison of the glycolysis of 
these lenses with the fresh demonstrated no 
apparent difference in activity. 

Measurement of glycolysis by lyophilized 
lenses was technically more difficult because 
the dehydrated lens material is not hydro- 
philic, and hydration of all the experimental 
material was not always accomplished. How- 
ever, these experiments indicated that 
(lactic) acid was produced at a rate similar 
to that of the fresh lens. 

Homogenate of bovine lens was made with 
the Potter-Elvehjem apparatus. This is not 
a satisfactory method for lenses, since it is 
very difficult to homogenize completely the 
tissue. However, the homogenates obtained 
had a rate of glycolysis comparable to the 
intact lens. Superior results should be ob- 
tained using the Waring blendor. 

Bovine and rabbit lenses were boiled in 
bicarbonate buffer saline for varying 
periods of time (fig. 2). After a two-second 
immersion, the slightly denatured lenses 
showed a 35-percent decrease in glycolysis, 
while boiling for two minutes reduced the 
activity by 75 percent. More than 10 minutes 
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of boiling was necessary completely to 
destroy the glycolytic activity. In one ex- 
periment the partially denatured lenses were 
set up in flasks without glucose substrate, 
and the same dependence of the residual 
glycolysis on glucose substrate was observed 
as occurs with fresh lenses. 


The behavior of the glycolytic activity in . 


these experiments indicates clearly that this 
is a heat labile enzymatic reaction that is not 
limited to the external layer, but exists in the 
deep layers of the cortex as well. 

When lenses are placed in distilled water 
containing 200 mg. glucose per 100 ml., 
glycolysis by the swollen lenses continues at 
a rate somewhat slower than under usual 
experimental conditions. When bicarbonate 
buffer is added to the manometer flask from 
the side bulb after an hour or more, the 
initial liberation of CO, is followed by con- 
tinued progressive liberation, but at a rate 
seemingly less than the controls (fig. 3). 
Further study is needed to evaluate the re- 
lationship between this type of injury to the 
lens cells and the metabolic activity. 


DiscussION 


These experiments indicate that the lens 
contains an enzyme system that enables it to 
convert glucose to (lactic) acid, and that al- 
though there is no dependence of the rate 
upon oxygen tension, the capacity to glyco- 
lize is lost by boiling and denaturing the lens 
protein. Freezing of the lens, or physical 
disruption of it by lyophilizing or homogeniz- 
ing, causes little if any change in the glycoly- 
tic activity. The dependence of the process 
upon glucose is demonstrated by the depres- 
sion in rate that is observed when glucose is 
not added to the experimental medium. 
Glycogen is not as satisfactory a nutrient as 
glucose; this is not unexpected since it is 
glucose of the aqueous that is the normal 
substrate for metabolism. 

Glycolysis by the lens in vitro appears to 
occur at a fixed rate that is not increased by 
anaerobic conditions. The low oxygen ten- 
sion of the aqueous undoubtedly makes it 
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Fig. 3 (Leinfelder and Christiansen). Effect of 
delayed addition of bicarbonate. Control lenses were 
in glucose, saline, bicarbonate buffer solution. 


unnecessary for the lens to have an inhibit- 
ing system that would decrease the rate of 
glycolysis under aerobic conditions. It seems 
that the constancy of the system indicates a 
dependence of the lens metabolism upon 
glycolysis for energy production. 

Denaturation of the lens protein by heat 
rapidly destroys glycolytic activity. One third 
of the total glycolysis is lost as the result of 
dipping the lens in and out of a boiling solu- 
tion. This suggests that since this amount of 
activity exists close to the lens capsule, it 
could be attributed to the metabolism of the 
lens epithelium. It is possible that following 
heat treatment the outer layer of denatured 
protein interferes with the exchange of glu- 
cose and lactic acid in the deeper layers of 
the cortex. However, the same dependence 
upon glucose is demonstrated by the partially 
denatured lenses as occurs with the fresh 
lens. The effects of boiling definitely in- 
dicate that a substantial amount of the 
glycolysis is carried out by the cortical ma- 
terial in the deeper layers of the lens. 


CONCLUSIONS 


1. Aerobic and anaerobic glycolysis of the 
lens occurs at the same rate. 

2. The glycolytic process of the lens is 
dependent upon an added substrate (glu- 
cose). 
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3. The rate of glycolysis of the lens is de- 


pendent upon age and species of animal. 
4. Individual variations in rate of gly 
colysis are unexplained. 


5. Glycolysis of the lens is a heat labile 
enzymatic process. 


University Hospitals. 
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Discussion 


Dr. Joun Harris (Washington, D.C.) : I deem 
it a privilege to be asked to open the discussion 
of Dr. Christiansen’s paper. I find it very interest- 
ing; as always happens, one can go along for some 
time and have certain things pretty firmly in mind, 
only to find them questioned by the particularly 
acute observations of someone else. 

There are a couple of things I would like to ask 
Dr. Christiansen. First of all, whether cyanide will 
affect this particular system which he described. 
Secondly, I was wondering whether he can entirely 
rule out glucose as a substrate in his material. 
There will be, of course, a certain amount of 
glucose in the lens. I would like to ask Dr. 
Christiansen whether he attempted to dialyze the 
glucose from his boiled lens material and thus 
prove it was not the substrate utilized. 

I think, however, his conclusion that the glyco- 
lytic system is the predominant system of importance 
physiologically in the lens is a very interesting one, 
and I shall devote the remainder of my discussion 
to a consideration of certain implications of that 
conclusion. As you know, the usable energy which 
comes from any enzymatic system, the glycolytic 
system, the respiratory system, is usually stored 
in the form of adenosine triphosphate. As you 
know, too, the amount of energy produced from the 
oxidation of one molecule of glucose is considerably 
greater than the energy derived from the glycolytic 
breakdown of one molecule of glucose to lactic 
acid. Thus, if the respiratory system of the lens has 
no physiologic significance, we certainly are dealing 
with a rather wasteful mechanism. 

This leads to a consideration of the energy needs 
of the lens. We have a general idea of the uses 
to which the lens puts its available energy but are 
unable, at present, to quantitate its requirements 
Certainly, the metabolism of the lens is essential 
for the growth of the lens, for its transparency and 


possibly for its elasticity. Just how the available 
energy maintains the transparency has never been 
completely answered, although there are many 
interesting speculations. 

Among other things, we attempted to show a 
year ago that the glycolytic system was essential 
for the maintenance of a normal cation distribution 
in the lens and that, in the absence of a normal 
glycolytic system, the cations tended to shift in the 
direction of true equilibrium and the lens became 
intumescent. We anticipated, although it is not 
shown, that a further event would be a cataract 
formation. 

Sut there are other and perhaps even more 
fundamental aspects of the utilization of energy 
that I think are very interesting. As you know, 
with the use of radioactive and other means of 
tagging molecules, it has been shown that any pro- 
tein is in a constant state of flux. In other words, 
it is in a constant anabolic and catabolic equilibrium. 
Amino acids are continuously being split off and 
are continuously being added; when the lytic proc- 
ess exceeds the synthetic process, we can infer that 
the metabolic activity of the cell has decreased. I 
think you can see that the public statement that 
one has heard so frequently in the past several 
weeks, that “old soldiers never die, they just fade 
away,” has more of a physiologic significance than 
the gentleman who voiced it perhaps realized. To 
maintain a constant state of balance, one needs a 
continuous energy input. 

The lens, then, has definite need of a constant 
energy supply to maintain such vital functions as 
growth, transparency and elasticity. We do not 
know how much energy is required. However, if 
the respiration of the lens does not contribute, 
then the lens must derive its needed energy from 
the breakdown of glucose to lactic acid, and much 
of the energy potential delivered to the lens is 
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lost. Yet, this may be essentially the nature of this 
system. Certainly, the lens has a very poor means 
of getting oxygen and teleologically, at least, per- 
haps the system is smarter than we are. 


Dr. JouN Bettows (Chicago): I believe it is 
proved in this splendid report that the emphasis 
that we have heretofore placed on enzymes as 
being important in the respiration of the lens is not 
the real factor bu; that it is purely a temporary 
reaction of the substrate in the materials and in 
the lens. I think this is an important step forward 
in our knowledge of the excitation and the metab- 
olism of the lens. 


Dr. James S. Friepenwatp (Baltimore): Dr. 
Christiansen’s work is, in essence, an amplification 
of the studies of von Euler of some 15 years ago 
which led von Euler to the conclusion that there 
Was no respiration in the lens. 

About 10 years ago, Dr. Heinz Herrmann in 
our laboratories made a specific study to find out 
whether there was any cytochrome oxidase in the 
lens. Using lens homogenates with cytochrome-C 
and presenting this mixture with substrates which 
cytochrome oxidase will oxidize, he was able to 
show that there was an increased oxygen uptake 
which was greater than that present in boiled ma- 
terial and which was cyanide sensitive. Conse- 
quently, there appears to be evidence of cytochrome 
oxidase in the lens, however small its total activity 
may be. 

Possibly the discrepancy between Dr. Herr- 
mann’s work, and that of von Euler and the present 
studies of Dr. Christiansen, may be attributed to 
the relatively low concentration of cytochrome-C 
in this tissue and the ease with which that low 
concentration can be diluted to a point where it 
becomes ineffective in the Warburg type of ap- 
paratus. I think it would be interesting, therefore, 
if these experiments could be repeated with 
cytochrome-C supplements. 


Dr. V. Evererr Kinsey (Detroit) : I would like 
to make several comments concerning the discus- 
sion that has gone on thus far. The question has 
come up of the possible presence of pyruvic acid 
in the lens. Dr. Charles Frohman and I recently 
found that pyruvic acid is present in quite meas- 
urable quantities in the lens, indicating the exist- 
ence of an oxidative type of metabolism. The 
pyruvic acid appears to be concentrated almost 
exclusively in the epithelial cells. These observa- 
tions suggest that cytochrome-C does occur in the 
lens and that it may also be confined to the epi- 
thelium. The failure of previous attempts to detect 
cytochrome-C in the lens may be due to the use 
of whole lenses rather than lens epithelium. The 
lens is such a large structure that if most of the 
cytochrome, if not all of it, is in the epithelium, 
the dilution effect of including three or four hun- 
dred milligrams of lens tissue possibly not con- 
taining any cytochrome-C, would reduce the con- 
centration of this compound to levels below those 
detectable by present methods. 


One other point: We have also measured the 
amount of glucose consumed and the relative 
amount of lactic acid produced. The amount of lac- 
tic acid produced will not account for all the glu- 
cose consumed, thus indicating that a portion of the 
glucose is oxidatively metabolized. I would think 
it is clear that the oxidation must be brought about 
by an enzyme system. Dr. Christiansen has pre- 
sented some very interesting ideas which must be 
taken into account in further studies evaluating 
oxygen uptake of the lens. 


Dr. Witttam M. Hart (Philadelphia): It has 
been shown in other tissues that there are many 
factors affecting the uptake of oxygen. Dr. Baird 
Hastings, for example, has shown that variation 
in the electrolyte content of the medium will vary 
the oxygen uptake of liver tissue by manyfold. Dr. 
K. A. C. Elliott has shown that varying the electro- 
lyte content of brain tissue will likewise change the 
rate at which oxygen is taken up. 

It is inconceivable that the breakdown of a met- 
abolyte can occur by anything other than enzymatic 
means, since molecular oxygen attacks crude food 
substances at such extremely low rates. 

I have felt for a long time that we put undue 
emphasis on the quantitative figures which we obtain 
in a study of oxygen uptake by the lens. It has been 
said that because the lens sits in an aqueous medium, 
and since the coefficient of solubility of oxygen in 
water is so low (the total turnover of water in the 
eye is 50 cu. mm. per minute as shown by Dr. 
Cogan and Dr. Kinsey), oxygen must be secreted 
into the eye. This concept is reminiscent of the pit- 
fall Dr. Barcroft got into concerning secretion of 
oxgyen by the pulmonary epithelium. It seems more 
reasonable that the partial pressure of oxygen de- 
termines the rate at which the gas is taken up by 
the lens, as Warburg showed to be the case with 
some other tissues. 

I believe that it is unquestionable that glucose is 
being used by the lens. Its breakdown must be an 
enzymatic process in view of the fact that molecular 
oxygen does not attack this substance. For almost 
all tissues investigated, the breakdown of carbo- 
hydrate occurs through pyruvic acid. It is interest- 
ing that no one has satisfactorily demonstrated 
the presence of pyruvic acid in the lens and, as Dr. 
Harris has just pointed out, no one has satisfac- 
torily demonstrated a cytochrome system either. 

Some years ago Dr. Peters wrote his book on 
brain metabolism in which it was stressed that 
methylglyoxal (pyruvic aldehyde) was the inter- 
mediate in carbohydrate breakdown. Subsequent 
work has proved that this is not the case, and the 
truth was missed because pyruvic acid occurs in 
such smal] quantities in the blood that its signifi- 
cance was overlooked. I would pose the question for 
future consideration whether or not methylglyoxal 
might be the intermediate in the lens, and I suggest 
this particularly because we have here the highest 
concentration of glutathione of any tissue in the 
body, and the one thing we do know about the 
function of glutathione is that it is the co-enzyme 
for glyoxalase. This enzyme catalyzes the break- 
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down of methylglyoxal to carbon dioxide and water, 
and is the basis for one of our best methods for the 
quantitative determination of lactic acid. 

If I have misinterpreted any part of Dr. Christ- 
iansen’s and Dr. Leinfelder’s fine paper, I hope 
they will put me straight. 


Dr. Gorpon S. CuHuristiaANnsen (closing): I 
would like to thank the discussers for their interest 
in this work. In making reference to the comments, 
I am sure there is not sufficient time to answer each 
specifically. However, I feel that one or two general 
comments are in order. 

In the first place, the point of this paper is that 
the observed gas uptake of isolated lenses is a non- 
enzymatic reaction. The basis for this statement is 
the heat stability plus a number of supporting ob- 
servations, particularly the shape of the pH-activity 
curve. What I am trying to do, if possible, is to 
shift the emphasis in the study of the metabolism 
of the lens (the physiology of the lens as it may 
apply to the im vivo conditions) from this non- 
enzymatic oxidative reaction to the living enzymatic 
reactions, such as glycolysis. I feel that this oxygen 
uptake reaction has slight significance physiologi- 
cally and is, therefore, a fruitless approach to the 
study of lens metabolism. The presence or absence 
of the cytochrome system or other oxidative en- 
zymes makes little difference to this argument. They 
can only be present in trace quantities, and any 
oxygen utilization by these systems is overwhelm- 
ingly obscured by the nonenzymatic oxygen uptake 
reaction. 

Dr. Harris raised the question of the effect of 


inhibitors, particularly cyanide, on this reaction. 
The effect of inhibitors has not been studied on 
boiled lenses. However, it is well known that a 
number of inhibitors, particularly cyanide, inhibit 
the gas-uptake reaction of fresh, intact lenses. This, 
of course, does not imply that the reaction must be 
a respiratory one. It implies nothing beyond the 
fact that it is perhaps catalyzed by some heavy 
metal, iron or coppor being the two most likely 
metal}. 

This brings up a question raised by Dr. Hart. If 
I understand Dr. Hart correctly, he made the state- 
ment or implication that substrates cannot act di- 
rectly with oxygen. This, I believe, is not true. A 
great number of substances, for example pyruvic 
acid and even glucose at alkaline pH, can do so. 
Two particularly good examples are the sulfhydryl 
compounds such as glutathione and ascorbic acid, 
both of which are present in large concentrations 
in the lens, and both of which, in the presence of 
traces of copper (which of course are present in 
the lens), carry out an extremely rapid reaction 
with molecular oxygen. 

An incidental point that may be of interest here is 
that, in absolutely pure distilled water from which 
all copper has been completely removed (and this 
means those concentrations present in glass distilled 
water), if the pH rises above 7.2, the reaction of 
ascorbic acid with oxygen is extremely rapid, and 
by the time it reaches pH 10, the reaction is es- 
sentially instantaneous. 

I think these comments cover the particular points 
in which I was interested. I wish to thank again the 
discussers for their interest in this work. 


THE CHEMICAL DEMONSTRATION OF TRANSCONJUNCTIVAL 
PASSAGE OF AQUEOUS AFTER ANTIGLAUCOMATOUS 
OPERATIONS* 


Peter C. Kronrecp, M.D. 
Chicago, Illinois 


Sclerotomies, sclerectomies, and iridenclei- 
ses near the limbus lead, in a high percentage 
of cases, to the establishment of a scleros- 
tomy (Verhoeff'); that is, a permanent 
macroscopic communication between the an- 
terior chamber and the subtenonian or sub- 
conjunctival space. 

From there, clinical and biomicroscopic 
observations suggest, aqueous spreads with- 
in the epibulbar tissues and is absorbed in 
the same manner as accumulations of extra- 


* From the Department of Ophthalmology, Uni- 
versity of Illinois. 


cellular fluid elsewhere in the body. In the 
case of intraconjunctival fluid accumulations 
there is the additional possibility of elimina- 
tion by passage through the conjunctival sur- 
face into the cul-de-sac. 

Both processes of aqueous disposal are as- 
sociated with characteristic transformation 
of the tissues exposed to it. The transforma- 
tion leads to the clinical appearances com- 
monly referred to as blebs. 

Suggestive of transconjunctival passage of 
aqueous are thin-surfaced, transparent, poly- 
cystic, vesicular areas which may be sur- 
rounded by or interspersed with solid opaque 
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areas. Whether entirely polycystic or partly 
solid, the bleb is usually well circumscribed 
and sharply set off against the normal, un- 
transformed, surrounding conjunctiva. 

For the clinical demonstration of the trans- 
conjunctival mode of aqueous elimination 
Seidel? devised his fluorescein test which, in 
gross cases, gives* very striking and un- 
equivocal evidence of such transconjunctival 
fluid passage. Seidel went one step further 
and determined the amount of fluid elimina- 
ation through a bleb by means of a small cot- 
ton roll placed against the bleb for several 
minutes, using other, unoperated portions of 
the limbus as control. In one such case he 
arrived at a figure of two cu. mm. per minute. 

Not infrequently cases are encountered in 
which the biomicroscopic examination of the 
area of operation suggests transconjunctival 
passage in the face of indefinite, equivocal 
results of the Seidel test. The purpose of this 
paper was to determine whether the trans- 
conjunctival passage of aqueous could be 
demonstrated more accurately and perhaps 
quantitatively by chemical means. 

It appeared probable that the high ascorbic- 
acid content of the aqueous would serve to 
identify this fluid in the contents of the con- 
junctival sac. To test this possibility the 
ascorbic-acid content was determined in the 
contents of the conjunctival sac of patients 
showing the type of bleb mentioned in the 
foregoing and in suitable control cases. 


MeETHODs 


Samples of the contents of the conjunc- 
tival sac were obtained with filter paper 
discs, five mm. in diameter, mounted on 
platinum wire for the purpose of easier han- 
dling and weighing. After trying various 
types of paper, Whatman’s filter paper No. 
50, hardened and acid washed, was chosen. 
The individual paper discs plus platinum wire 
were weighed and stored in weighing bottles. 

Immediately after “picking up” portions 
of the contents of the conjunctival sac (see 
below) the paper discs plus wire were 
weighed again and placed in the depressions 


of an ice-cold, white-porcelain spot plate 
containing 0.2 ml. of 2.5-percent freshly pre- 
pared metaphosphoric acid. The samples were 
titrated with sodium 2,6-dichlorophenol-in- 
dophenol out of microburettes graduated to 
allow readings of 0.002 ml. and estimates of 
0.0002 ml. Ail titrations weré done within 
two hours of the withdrawal time. The re- 
sults were considered to represent ascorbic 
acid. 

Samples were obtained from several 
typical locations of the conjunctival sac, in- 
variably under local anesthesia produced by 
three instillations of 0.5-percent pontocaine, 
two minutes apart. 

Tears were obtained from the outer for- 
nix, carefully dipping one edge of the filter 
paper disc into the gross accumulation of 
fluid usually present in this region. Care was 
taken not to establish contact with any part 
of the conjunctiva. If such contact occurred, 
the conjunctiva would tend to cling to the 
paper disc and become displaced with it for 
a distance of three to four mm., at which 
point it would usually break away from the 
paper. The amounts of ascorbic acid picked 
up under contact conditions were invariably 
higher than without such contact. 

Other samples of tears were obtained by 
dipping the edge of the filter paper disc into 
the inferior marginal strip. No consistent 
differences in ascorbic acid content were en- 
countered between tears obtained from these 
two sources, that is the outer fornix and 
the inferior marginal strip. 

Fluid from the bleb area was obtained by 
gently touching and mopping the area of the 
bleb with either the edge or the flat surface 
of the paper disc. Because of the fineness 
and flexibility of the platinum wire on which 
the discs were mounted (36 gauge), the op- 
erator did not completely control the part of 
the disc that established contact with the bleb 
surface. Special care was taken to keep the 
wire from touching or rubbing against any 
part of the surface of the bleb. In most 
cases, if the bleb was of the type described 
before, its surface did not show any tendency 
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to follow the paper disc upon the l/atter’s 
withdrawal. The reason for this seemed to 
be mostly the persistent moistness of the 
bleb surface. 

The bleb area was examined microscopi- 
cally, with or without fluorescein, before and 
after withdrawal of the aqueous. No consist- 
ent or significant alterations in the appear- 
ance of the bleb, attributable to the proce- 
dure of withdrawal, could be seen. The 
depth of the anterior chamber was measured 
a number of times before and after with- 
drawal and no significant differences were 
noted. 

In order to have samples of the normal 
contents of the conjunctival sac that could 
serve as controls for the fluid presumably 
escaping through the bleb, filter paper discs 
were applied to the upper bulbar conjunc- 
tiva of unoperated human eyes in the man- 
ner described under the heading of bleb 
fluid, that is with a gentle mopping motion. 
Invariably the conjunctiva stuck to the paper 
and was lifted up two to three mm. before 
breaking away. 

Performed on the same area of bulbar 
conjunctiva eight to 10 times in fairly rapid 
succession, this mopping usually yielded 
slight partial moistening of the paper and 
a gain in weight amounting to 0.0003 to 
0.0005 gm. The area thus treated appeared 
dry immediately after the paper disc was re- 
moved but regained its moistness and luster 
after one or two blinking movements. 

To determine more closely the nature of 
material obtained by this method, samples 
of it were examined under the microscope 
with and without staining with methylene 
blue or Wright's stain and found to contain 
epithelial cells in greatly varying améunts. 

At each sitting from three to eight suc- 
cessive samples were obtained from each lo- 
cation in the conjunctival sac. Between the 
withdrawals the patient was advised to blink 
naturally. The amounts of fluid obtained by 
this method varied depending primarily upon 
the location. Dipped into the outer fornix 
of most of the eyes tested the filter-paper 


disc could be seen to wet very rapidly to an 
apparent saturation point. Applied to the 
bleb surface, the wetting took place with per- 
ceptibly lower speed than in the outer fornix. 

Each eye tested seemed to be characterized 
by its own wetting speed which to some ex- 
tent varied from one time to the next. Ap- 
plied to the upper bulbar conjunctiva of un- 
operated eyes, the wetting took place very 
slowly and sometimes invisibly so that only 
the weighing process indicated that some ma- 
terial had been picked up. In other instances 
a very slow and slight wetting of parts of 
filter paper could be seen. 

The magnitude of some of the experi- 
mental errors entailed in these ascorbic-acid 
determinations may be estimated from ex- 
periments in which known ascorbic-acid so- 
lutions were treated as described under tears 
(table 1). In addition to the sources of error 
comprised in this determination there was 
the possibility of the various components of 
the contents of the conjunctival sac contami- 
nating each other. 

In some of the tests, herein reported, this 
contamination was reduced to a minimum by 
the prevention of blinking during and _ be- 
tween withdrawals and by discarding the 
first, presumably mixed sample. Samples 
obtained in this manner were probably chem- 
ically purer but less physiologic than the 
samples obtained by the ordinary method. 


RESULTS AND COMMENTS 


The findings in the fluid from bleb areas 
are exemplified by Case 3031 shown in 
Tables 2 and 3. 

M. E. H., a white woman, aged 69 years, 
glaucoma clinic No. 3031, had been operated 
on for chronic glaucoma at another institu- 
tion two years before her visit to the glau- 
coma clinic of the Illinois Eye and Ear In- 
firmary (May 18, 1949). The operations 
could be recognized as corneoscleral trephi- 
nations which had caused lowering of the 
ocular tension to below 10 mm. Hg 
(Schigtz) and large vesicular thin-walled 
blebs. 
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TABLE 1 
YIELD AND ACCURACY OF ASCORBIC-ACID ANALYSES BY THE FILTER-PAPER DISC METHOD 


Theoretically 
Available 
5.8 
9.7 10.1 


10.0 12.4 9.7 


Ascorbic Acid (mg. %) 


6.1| 4.6] 5.0 


11.0) 11.0 11.3 


Obtained 
(Individual filter-paper discs) 


6.0 


10.3 


97 11.4 106 9.7 9.1 9.3 9.8! 10.17 


TABLE 2 
AMOUNTS OF FLUID OBTAINED FROM THE BLEB AREA OF THE LEFT EYE OF CASE 3031 


Date of 
With- —— 


drawal 


During a two-year period of observation 
the visual functions of each eye remained 
stationary. The result of the Seidel test 
varied from strikingly positive on some oc- 
casions to indefinite or negative at other 
occasions. Tonography after Grant® revealed, 
for the left eye, a coefficient of outflow vary- 
ing from 0.4 to 0.5, considerably in excess of 
the normal average. 

Each time a filter paper disc was applied 
to the bleb area of Case 3031 the presence 
of free fluid manifested itself by immediate 
wetting of the portion of the paper in con- 
tact with the bleb surface. This wetting in- 
creased visibly during the mopping motions 
so that, after about 10 seconds, most or all 
of the disc appeared moist. When the next 
dry paper disc was applied about 15 sec- 
onds later, the wetting again started im- 
mediately and continued at more or less the 
same rate as in the case of the previous 
paper disc. Thus, the continuous appearance 
of fluid on the surface of the bleb could 
actually be observed. 

The weights of the fluids picked up with 
single discs in the manner already described 


Amounts of Fluid Obtained (mg.) 


are shown in Table 2. Although the method 
of obtaining fluid from the bleb surface 
could not be considered quantitative in the 
sense of comprising all the fluid appearing 
on the bleb surface per time unit, the figures 
of Table 2 may be taken to be roughly re- 
lated to the total rate of fluid production and 
the conclusion may be drawn that this rate 
is relatively steady during each test but 
varies considerably on different days. 
Turning to the ascorbic-acid content of 


TABLE 3 


THE ASCORBIC-ACID CONTENT OF TEARS AND 
BLEB FLUID FROM THE LEFT EYE 
or Case 3031 


(Each figure represents the average of from three 
to eight consecutive samples.) 


Ascorbic-acid Content 
(mg. 


Aqueous 


26.8 
33.0 
31.4 
26.2 
22.6 
29.8 


Date of 
Withdrawal 
Tears 


41 
= 5.5 
1 2 3 5 | 6 7 8 
1-17-51 wr 10 | 1.0 | 
: 2-10-51 0.6 | O4 0.6 0.5 | 0.4 
2-21-51 | 0.6 0.9 0.4 0.7 | O27 | 
| 
1-17-51 
2- 2-51 2.9 
2-10-51 4.82 
2-14-51 3.8 
= 2-17-52 1.3 
Ly 2-21-51 3.8 
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the bleb thuid, Table 3 lists the ascorbic acid 
averages of the samples whose weights were 
given in Table 2. The ascorbic acid combined 
average is 22.6 mg. percent, with from day 
to day variations of +20 percent. Consider- 
ing the experimental error inherent in deter 
muinations of this kind, the combined findings 
of Tables 2 and 3 Suggest that a fluid of 
relatively high and fairly constant ascorbic- 
acid content makes its appearance on the bleb 
surface at a fairly steady rate 

The question arose whether any of the 
constituents of the conjunctival secretion 
could this bleb fluid. While 


markedly different from the bleb fluid in 


account for 


Case 3031, the tears contained a surprisingly 
strikingly in ex- 
content of the 


large amount ascorbic-acid., 
cess of the ascorbic-acid 
blood. This called for more systematic study 
which is reported here only in part 

On 20 patients admitted to the Mlinois Ive 
and Ear Infirmary for the removal of 
cataract the ascorbic acid of the tears was 
determined on both eves. The results showed 
variations within the limits of O and 13.99 
mg. percent, with the relative frequencies 
shown in Table 4 and without any apparent 
relationship to the ascorbic-acid content of 
the serum. In 80 percent of the eves the 
ascorbic-acid content of the tears was less 
then 6.0 mg. percent 

The direct comparison of the ascorbic 
acl content in tears and bleb fluid in 12 
eves operated on for chronic glaucoma (table 
>) shows that, in all but one instance, the 
ascorbic-acid contents of the two fluids were 
~ markedly different as to make them easily 
distinguishable from each other In all the 
cases listed in Table 5, the upper lid ordinar 
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that 
evaporation could not have affected the bleb 


ily covered the entire bleb area so 
fluid significantly 

It, therefore, appears highly improbable 
that the bleb fluid is in any way derived from 
tears. Bleb fluid may, however, become con 
taminated with tears if, during the procedure 
of withdrawal, reflex tearing is set up as a 
result of the local anesthesia wearing off. 
The return of the patient's sensitivity and 
the unusual flow of tears was plainly visible 
in such cases and could account for some of 
the last one or two samples showing a very 
much lower ascorbic acid content than the 
first three or four. 

While tears can be excluded as a source 
of the bleb fluid, there was encountered in 
this study another type of fluid that proved 
rather difficult to distinguish from bleb fluid. 
\s stated under the description of methods, 
application of the filter paper dises to the 
upper bulbar conjunctiva in the usual mop- 
ping manner yielded in most cases small 
amounts of fluid. 

The ascorbic-acid content of that fluid was 
rather inconstant but usually within the range 
of 20 to 45 mg. percent, that is distinctly dif- 
ferent from tears and in the neighborhood or 
in excess of the ascorbic-acid content of the 
bleb fluid. With regard to the nature of this 
fluid obtained from the upper bulbar con- 
junctiva the following observations may be 
pertinent : 

I. In cases in which very small amounts 
of fluid were obtained, amounts weighing 
0.0001 or 0.0002 gm., the ascorbic-acid con- 
tent was usually very high and microscopic 
solid formations of 


eXamination revealed 


epithelial cells. 


rABLE 4 
THE ASCORBIC-ACID CONTENT OF THE TEARS 
In mg. percent; relative frequencies in percent. 


0.1.99 2.00 3.99 4.00.5 99 


5 35 $2.5 


6.00-7.99 


10 00-11.99 12. 00-13.99 


9.99 


5 5 5 
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2. In specimens weighing from 0.0003 to 
0.0007 gm., the ascorbic-acid content varied 
within the limits stated before (20 and 45 
mg. percent) and the cell count was small. 
Only an occasional single cell or a few 
clusters could be seen. 

3. This fluid reformed if the patient was al 
lowed to blink once or twice between with 
drawals. If the patient was not allowed to 
blink and if a second paper disc was applied 
to the area from which fluid contaming from 
20 to 45 mg. percent had just been removed, 
the second filter disc vi Ided only very little 
weight, a very high ascorbic-acid content, 
and again an overabundance of cells. 

The interpretation of these observations 
probably should be that, ordinarily, a filter- 
paper disc applied to the upper bulbar con 
junctiva picks up a fluid film, perhaps the 
equivalent of the precorneal film plus a 
varying number of cells. The film reforms 
with every blinking motion. If this is pre 
vented, the epithelium is exposed to the filter 
paper without any lubricant, is sucked right 
into the filter paper and largely removed 
with it. The high ascorbic-acid content of the 
epithelial cells of the conjunctiva ts in line 
with the findings of Henkes* in the epi 
thelium of the cornea. 

Since the ascorbic-acid content of the fluid 
from the upper bulbar conjunctiva is in the 
same general range as that of the bleb fluid, 
the distinction between the two fluids re 
quired special methods. 

One way of distinguishing between the 
two fluids was to prevent regeneration of 
the fluid film covering the upper bulbar con 
junctiva by avoiding contact with the upper 
lid. Under the 
acid content of all subsequent specimens ob 


those conditions ascorbic 
tained from the upper bulbar conjunctiva, 
containing chiefly epithelial cells, rose to and 
remained in the neighborhood of 100 mg 
percent, while the ascorbic-acid content of 
the bleb fluid stayed at its usual level. 
Another way of distinguishing between 
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\VERAGES OF FROM FIVE TO 15 DETERMINATIONS 
OF THE TEARS AND BLEB FLUIDS IN 
12 DIFFERENT EYES 


Ascorbic-acid Content 
Case (mg. 


Number 


Tec Bleb Fluid 


~ 


3031, left 
1448, left 
3217, left 
2926, right 
1758, right 
left 
1564, right 
2706, right 
2847, right 
lett 
right 
left 


6 
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the two fluids was offered in patients who 
had been operated in one eye only and whose 
bulbar conjunctiva of the other eye could 
serve as control. In most of those instances, 
the fluid film from the bulbar conjunctiva 
had a somewhat higher ascorbic-acid content 
than the bleb fluid from the opposite eve 
(table 6). 


Finally, the bleb fluid could be demon- 


rABLE 6 


THE BLEB FLUID FROM 
FLUID FILM OVER THE 
UNOPERATED EVE 


THE 
BUL- 


COMPARISON BETWEEN 
OPERATED FYE AND THE 
BAR CONJUNCTIVA IN THI 


' 
| Ascorbic-acid content 
(mg. 

Case 
Number Bulbar Con- 
junctiva Un- 
operated Eye 


Bleb Fluid 
Operated 
Eve 


41.9 
23.! 
31 
6 


4 


43 
0 
3 
| 
6 | 
| 
768 12.0 
13.7 
13.0 : 
15.2 
1564 16.8 | 
16.9 3 
18.8 35.6 
3217 15.7 38.2 
18.2 34.2 | 
10.4 
2706 12.6 | — 
17.4 30.6 
13.0 30.6 
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IABLE 7 


KP LATIONSHIP BETWEEN OCULAK TENSION, COPRFPFICIENT OF OUTFLOW AND AMOUNTS OF 


FLUID 


ON THE BLER SURFACE WITH AND WITHOUT EXTERNAL PRESSURE 


Case 


Coethcrent 
of Outflow 


Range 


0160.17 


“138 O.15 


trates) as having originated from the bleb bn 


relationship the ocular 


t | 


tension. This 

a Negro 
No. 2847, at his first 
patient department of the [hnots Eye and 


vivanced chronic Copen-angle) glaucoma for 


in ( ase 2847 
aged 65 vears. glaucoma 
clini visit to the out 


Infirmary, was found to be affected with 
iridem leises 
\ugust, 1948 
Well-circumseribed, partly thin-walled and 
both 


the relief of which were pet 


formed on both eves during 


wivevstic blebs formed m eves, the 


thin-walled portion being considerably larger 


im the right than im the left eve. The ocular 


tension became normalized in both eves, at a 
level in the 
The co 


efhicrent of outtlow varied from 0.16 to O17 


lightivy but consistently higher 
left than in the right eve (table 5) 
in the right and from 0.13 to 0.15 in the left 
eve 

lable 7 shows the amounts of fluid picked 
by the usual procedure and, immediately fol 
lowing, under the effect of external pressure 


le ra if Kronfe ld and Mi 
the 


waist the lower 


~ 


ry raising ocular tension to a 


| lig Schiwtz) 


bleb 


urtace were distinctly higher in the eve with 


«tween 25 and 30 mm 


fluid available on the 


Phe of 


wer ocular and increased 


tension 


ith the appheation of pressure 


determinations during the pro 


cedure indicated the appearance on the bleb 


surtace ota fluid of fairly constant composi 
tion. 
In the whole 


group of eves with partly 


2847 


Amount of Bleb Fluid (meg 


At the Prevailing 


Ocular Tension 


onder Pressure 


thin-walled polveystic blebs, there was no 
definite correlation between the amounts of 
bleb fluid picked up and the prevailing ocular 


The lack of 


probably due to the NACE uracy both of meth 


tension. such a correlation is 


ols of measurement and tonometry as well 
as to the collection of the bleb fluid. Ditferent 
fluid, that is 


may also have been a factor. 


rates of aqueous, formation 
Needless to all the observations re 
ported here can be expected to apply only to 


the thin-walled, polyeystic blebs 


SUMMARY 


The evidence prese nted herein suggests: 

1. That the fluid which makes its appear 
ance on the conjunctival surface of thin 
walled, polvevstic blebs after trephination o1 
Iris-inclusion Operations is not derived from 
tears or other conjunctival secretions 

2. That 


tions makes its appearance at a fairly steady 


this fluid under ordinary condi 


rate and that this rate is distinctly increased 


by a rise in ocular tension produced by ex 


ternal pressure 
3. That this fluid most likely represents 


aqueous 
4. That fluid 


manner mav be used to determine the effects 


samples obtained this 


of pharmacologic and pathologic agents upon 
the composition of the aqueous 
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DISCUSSION 


Dre. Harorp G. Scuere | Philadelpiua Ly is work upon Wie function of the canal of Schlemm 


Kronfeld’s very interesting and highly original 
paper serves, | believe, firs lt I De. Perer C. Kronrecp (closing): I believe Dr 
ma tanding hanism by Scheie ha very good pou in asking whether 


us approa ‘ t 1e! f ere was any difference between, on the one hand, 
ocular tensi } blebs that had ; woth surface without any 
nd, blebs with multiple 


ould and con 


action 


kn h outstanding authoriti ably | me m concentrated evapora 


TR as ue 


bu Most of our findings were obtained on blebs 
x : the surface of which was distinctly convex without 


tension by altering the ; 
the uveal tract. Dr. Kronfeld and ot! : : valleys or gre The blebs of which | showed 


myself, believe, on the other hand, it tl . pictures were oO hat pattern. The thin-walled 
tions act in a mechanic portion had a vesicular convex surface and it is on 


hat surface, I believe, that the bleb fluid made its 


1 ppearance 
nt therefore, of importan The normal fluid f 


I re, 
rs further evidence to support the fil worried us a great dea 
) 


aper is, re rom the bulbar conjunctiva 
‘ land for a while we thouglit 
Dr. Kror rroduced evidence » just was no way of distinguishing between 


normal fluid which has a remarkably high 
scorbic-acid content, and the bleb fluid. Not until 


hat aques 
njunctival space but ¢ through t unc we discovered the method preventing regenera 
ing the bleb ion of the normal fluid fr the bulbar conjun 


il we become satished that there were two 


1 here are 
listinguishabbe fluids 

If I may repeat—-the upper bulbar conjunctiva ts 

d amount of covered by small amounts of fluid that contains 

he did in polycystic from 20 to 45 mg. percent of ascorbic acid. This 

his could not fluid should probably be called preconjunctival film, 

i icrimal fluid ratl laborately constructed fluid film to which 

l the pol “ars, t] Wl conjunctival glands probably contribute 


ask 


be explained by 
crevices an 
filter paper might b materially 
r point that . again | If a sample of this fluid is withdrawn and the lid 
llowed to come down a number of times, more 
the same fluid can be obtained. If 


may 1 under made at 
the limbus of normal eve owed high concentra samples of 
tions of ascorbic acid, ‘ ch might indicate regeneration of this fluid is prevented by keeping 
ape of this substa h the nor limbus the lid up, then a second or third sample will show 
ind would tl ( wot necessarily serve as evi i sky-high ascorbic-acid content, 125 mg. percent 
lence of filtration through the bleb. The fact that r more, and the microscopic examination reveals 
larger amounts of aqueous were absorbed by the just epithelial cells 
filter paper under cor 1 ocular I think this indicates that bulbar-conjunctival 
pressure scems more convin f escape of fluid fluid is 
through the conjunctival covering of the bleb Bleb fluid, on the other hand, is entirely independent 
It appears likely that Dr. Kronfeld has made an i that movement and keeps regenerating whether 


excellent start toward contributing knowledge of the lid is allowed to come down and whether the 


the mechanism of filtering operations comparable to lid is retracted 


regenerated by the movement of the lid 
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\N EVALUATION OF THE VARIOUS ANTICHOLINESTERASE AGENTS* 


Pay Linn, Jk, M.D. anp Raymonp C. M.D 
Pittsburgh, Pennsylvania 


The present study was made to compare 
the effects of the Various anticholinesterase 
agents on the normal eve. All of the drugs 
used in the experiments are similar in action 
in that they block the action of cholinester- 
ase 

| copold and Comroe! compared the effects 
of five-percent neostigmine bromide (pro 
Sugmine) and one-percent di Isopropyl 
Huorophosphate (DEP). The concentration 
of DFP used in their studies was much 
stronger than that used in the treatment of 
glaucoma 

Grant® determined the minimal concentra 
tion of physostigmine salicylate, DFP. and 
tetraethyl pyrophosphate (TEP) which 
would produce a perceptible miotic effect 
These concentrations were much we aker than 
those used clinically. Kull compared neo 
stigmine bromide and physostigmine salicy 
late but focused her attention on the effects 
on the intraocular pressure 

In this study, we have compared all of the 
anticholinesterase agents available today, 
three of which are commonly used in glau 
coma therapy. An attempt was made to use 
a concentration of each drug corresponding 
to the strongest concentration which might 
be prescribed in the treatment of glaucoma. 

Five different anticholinesterase agents 
were compared, One-percent physostigmine 
salicylate, five-percent neostigmine bromide. 
md eight-percent stigminene bromide (1 
benzyl 3(dimethy learbamyloxy) piridinium 
bromide) were used in an aqueous solution ; 


percent i lsopropy! Huorophosphate 


* From the Department of Ophthalmology and 
the Addison H. Gibson Laboratory of the Univer 
sity of Pittsburgh School of Medicine. This study 
Was supported in part by a grant from the Ophthal 
me Foundation of Pittsburgh The stigminene 
bromide was supplied by the William R. Warner 
Company, New York. The tetraethvl pyrophosphate 
was supplied by Eli Lilly and Company, Indian 


(DFP) and U.1-percent tetraethy] pyrophos 
phate (TEP) were dissolved in peanut oil 

Stigminene bromide has been used SVs 
temically for abdominal distention* but has 
never been used locally in the eve. The con 
centration of stigminene producing maximal 
miosis without undue ocular irritation Was 
determined on rabbits. An eight-percent solu 
tion was found to be most satisfactory. 

In our studies, we have been concerned 
primarily with the rapidity and duration oi 
miosis obtained in the normal eye with a 
single ocular instillation of each drug. A 
series of rabbit experiments were also made 
to determine the ability of each cholinergic 
drug to overcome atropine. Signs of local 
irritation and the effect on the intraocular 


pressure of the normal eve were recorded, 


RABBIT EXPERIMENTS 


‘\ preliminary evaluation of these cholin- 
ergic drugs was made on rabbits. The results 
of these experiments were reported in detail 
at a previous meeting? and only pertinent 
points will be mentioned at this time. These 
drugs produced a miosis in the rabbit eve 
which was maintained for a much shorter 
period of time than that of human eyes. Only 
with DFP was any miosis evident after 24 
hours and this lasted less than 48 hours. Neo- 
stigmine was found to be more effective in 
the rabbit eve than in the human eye when 
compared with the other anticholinesterase 
agents. 

The ability of these Various drugs to over 
come atropine was tested in rabbits in a sec 
ond series of experiments. Jackson® made 
an extensive study of the ability of physo 
sugmiune to Overcome atropine in rabbit and 
human eves. Leopold and Comroe? noted the 
ability of DFP to overcome atropine 


* Second annual meeting of the ast Central Se 
tion of the Association for Re search in Ophthal 
mology, January, 1951, at Cincinnati, Ohi 


| 
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In both papers, an antagonism of the anu 
cholinesterase agent for atropine was sug 
his concept in 
pharmacology since atropine has been con- 
sidered to block the effect of acetylcholine or 


gested would be a new 


any similar acting agent on the effector or- 
gan. The anticholinesterase agents have been 
thought merely to prevent the destruction of 
acetylcholine by cholinesterase thereby per- 
mitting a building-up of acetylcholine at the 
effector organ. 

If the action of acetylcholine ‘is blocked 
completely by atropine, the increased amount 
present could not possibly produce any ef- 
fector response, Therefore, if atropinization 
is complete, we should expect to find a di- 
lated pupil entirely unresponsive to any anti- 
cholinesterase agent. 

If the atropinization is incomplete, there 
may be a response. The degree of response 
| ) The 


anticholinesterase 


would depend on three variables : 
relative potency of the 
agent being tested, (2) the frequency of in 
stillation of the agent, and (3) the actual 
degree of atropinization. 

In one series of experiments, a solution of 
three-percent atropine sulfate was instilled in 
one eye of each rabbit three times on the pre- 
ceding day. Before beginning the experi- 
ment, it was noted each time that the pupils 
of some rabbits reacted slightly to light. A 
repeat of the preliminary medication and 
careful control to see that the atropine was 
properly instilled failed to correct this dis 
crepancy. It was concluded that the action of 
atropine like that of the miotics was of 
shorter duration in rabbits. 

An instillation of the miotic being tested 
was made every 10 minutes for two hours 
after the above preliminary medication. In 
all series of rabbits (10 or more in a series) 
and with each anticholinesterase agent, there 
was an average reduction of pupil size to a 
point shghtly smaller than that of the con 
trol eye in which no medication had been 
used. 

The average pupil size in each group fol- 
lowed a similar curve with each miotic. In 
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no group was maximal miosis obtained 
There was, however, a marked variation of 
pupil size among the several animals in each 
group. In many instances pupils varied five 
mm. in size. 

It was that 


strated a variable degree of atropinization 


concluded we had demon- 
among individual animals but no difference 
in ability of the various cholinergic drugs 
to exert an effect antagonistic to atropine. 

In view of the apparently short duration 
of action of atropine in rabbits, a second 
group of experiments was performed. Three- 
percent atropine-sulfate solution was instilled 
In one eve of these rabbits one hour and 
again 45 minutes prior to instillation of the 
cholinergic drug. In all of these rabbits the 
pupil was widely dilated and no response to 
light could be demonstrated. Again each anti 
cholinesterase agent was instilled every 10 
minutes for two hours. Not a single rabbit 
showed any significant change in pupil size 
It was therefore concluded that atropiniza 
tion had been complete and also that no true 
antagonism between atropine and anticholin 
esterase agents exists. 

When atropinization is not complete, there 
is, no doubt, considerable variation of ability 
of these miotics to overcome the atropine ef 
fect. Since it is difficult actually to determine 
the degree of atropinization, we must assume 
they will probably counteract atropine in 
direct proportion to their ability to cause 
miosis in the normal eye. In other words, the 
difference is quantitative rather than quali- 
tative. 


HUMAN EXPERIMENTS 


For each agent tested, 10 to 12 patients 
were used. These people, patients on the 
medical service, suffered from a variety of 
medical ailments. The pupillary reaction to 
light and intraocular pressure were recorded 
prior to the experiment. Those with obvious 
or questionable ocular defects were not ac- 
cepted for the study. 

Their ages ranged from 17 to 84 years. 


Each group contained young and old, mak 


is TAY G. LINN, JR, 


und femal patients aml was considered to 


ime pre sentative 


Following the measurement of the size ot 


the pupil of each eye and rece rding of the 


mtrao ular pressure { Schiotz ) nie drop of 


the agent to be tested was instilled into the 


conjunctival sac of the right eye; the lett eve 


was used as a control. Both pupils were 


measured at regular intervals thereatter un 
til the effect of the miotic had worn off and 
the pupils were again of equal size, 


The intraocular pressure was recorded 


once again one hour after instillation of the 


miotic. The pupil size was caleu 


lated for 


aveTaue 


each group at each time interval 
ind the average tension was determined for 
each group. Local ocular irritation and ocular 


complaints were also noted 


Physostigmine salicylate m a one-percent 


solution produced a maximal miosis in 20 
‘ 
are 
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Fiz. 1 (Linn and Tomarelli). Physostigmine 
ili late (Core ent). Ordmate represents pupil 
ze in m abset time in ur 


w 
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Fie 2 (Linn and Tomarelli). Stigminene 


romide (eight percent). 
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minutes. Maximal miosis persisted about 
four hours (fig. 1) although there was a pet 
sistent miosis of marked degree for about 
27 hours. 

There was a gradual relaxation of miosis 
after 27 hours until at 79 hours the pupils 
were equal in size in all cases. The rapidity 
of action and duration of maximal action 
were similar to those in the rabbit but the 
duration of action was much longer in the 
normal human eye. 

One hour after instillation of physostig 
mine, the intraocular pressure had risen an 
average of mm. Hg (Schiotz). Con 
siderable congestion of the conjunctival and 
ciliary vessels occurred in all patients and 
persisted for two to three days. Many of the 
patients complained of blurred vision and 
some of ocular pain. 

Stigminene bromide in an eight-percent 
solution was less rapid in action, requiring 40 
minutes for maximal miosis, This delayed 
action of was also seen in rab- 
bits. It 


esterase agents in producing a response. 


stigmiinen 


is the slowest of all the anticholin 


Maximal miosis was maintained for six 
hours (fig. 2) but there was a rapid relaxa- 
tion of miosis so that after 25 hours only 
0.2-mm. difference in size of the pupils re 
mained which persisted 93 hours, Again the 
miosis produced in rabbit eyes was similar 
but shorter in duration. 

Actually an effective miosis persisted 
longer with physostigmine than with stig- 
minene, although maximal miosis did not 
persist as long Stigminene, on the other 
hand, in one -hour had produced a fall of 
intraocular 


3.0 mm. Hg (Schiotz) in the 


pressure. A mild conjunctival reaction oc 


curred in most but not all of the eyes 


Neostigmine bromide in a five percent 
solution was found to be the least effective 
of any drug tested in ability to produce 
miosis. In the first series of eves studied, 
the maximal miosis obtained was less than 
with any other drug and all pupils had re 
turned to normal size after 14 hours. 


Although Simonelli® has stated that a solu- 


5 
4 


tion of neostigmine | prostigmine ) Was com- 
pletely stable, it was suspected that there was 
a decreased potency of the particular sample 
used in this study because neostigmine was 
found to be relatively much more potent im 
rabbits. The sample used was probably over 
two years old but had remained sealed until 
our use. 

A second series of human eyes was tested 
with a fresh supply of neostigmine and a bet 
Maximal miosis 


ter response Was obtained. 


of adequate degree was obtained in 30 min 
utes which persisted for three hours (fig. 3). 
All perceptible miosis disappeared after 20 
hours. Even with the fresh neostigmine, the 
duration of maximal miosis was shorter than 
that of rabbits. 

The 


hand, fell an 


other 
He 


(Schivtz) one hour after instillation of neo- 


intraocular pressure, on the 


average of 4.2 mm. 
stigmine in the normal human eve. [his was 
the greatest tension fall of any agent. The 
local reaction was very mild. Less than halt 
of the patients had any symptom or sign of 
ocular irritation. 

(TEI) in a 


a maximal 


Tetraethyl pyrophosphate 


0.1-percent solution produced 


miotic effect in 20 minutes. The duration of 
maximal miosis cannot be accurately stated 
because there was a gradual relaxation of the 
pupil beginning in about 10 hours (fig. 4). 
The total duration of miosis was 190 hours. 
This characteristic of gradual relaxation of 
miosis was observed also in the rabbit stud- 
ics. 

The imtraocular pressure one hour after 
instillation of TEP had fallen an average of 
2.4 mm. Hg (Schigtz). The ocular reaction 
was mild. A congestion of the conjunctival 
vessels lasted about two days or less. 

Di-isopropyl fluorophosphate (DIP) in a 
0.1-percent solution produced a maximal 
miotic effect in 20 minutes. Maximal miosis 
continued for about 100 hours when a grad 
ual relaxation of miosis began 5 
After a period of 446 hours, the miotic ef- 

but a few patients 
| 


who showed some miosis several more days. 


(hig. oO). 


fect had ceased in all 
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DFP, 
the intraocular pressure had fallen an average 
Hg (Schiotz). A 


reaction resulted after instillation ot 


One hour after the instillation of 


local 
DE 


of 1.3 mm severe 
Marked conjunctival and cihary 
appeared which persisted for tive to seven 
days. The patients complained bitterly ot 
ocular pain as well as frontal and parietal 
headache. Since the local reaction with DFP 
felt that the con 


centration chosen in this study was stronger 


was the most severe, we 


than one should use in glaucoma therapy. 


COMMENT 
A composite picture of the rapidity of 
action of these drugs is represented in Fig 
ure 6. There is very little difference in speed 
of action of physostigmine, TEP, and DFP’. 


Neostigmine is somewhat slower in action 


and stigminene 1s definitely the slowest 
5 
wy 4 
~ 
= 
4 


75486 «© 7 8 20 


HOURS 


Neostigmire 


bromide (five percent). A comparison of old and 
fresh solution The pupil size of the control eye 
w the fresh neostigmine only is recorded 


>. 
~ -* 

© 20 30 40 SO 60 70 80 90 30 +40 150 160 170 180 190 


HOURS 


Fig. 4 (Linn and Tomarelli). Tetraethyl 
pyrophosphate percent) 


Fig. 3 (Linn and Tomarelli). 
i 
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Since all of the anticholinesterase agents we 
have tested produce their maximal action 
in 40 minutes or less, this factor should not 
he considered important in choosing one of 
them for the treatment of glaucoma 

The great variation among the group is 
in duration of action. In Figure 7, we have 
plotted the duration of action of each drug 
as measured by the difference in the size of 
the pupil of the treated and control eye. In 
this way, environment factors affecting both 


pupils have been eliminated. 
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The pronouticed supe! ority of DFP in 
maintaining miosis is quite evident. This dif 
ference would probably be less if a weaker 
and, therefore, less irritating solution had 
been used. The gradual relaxation of miosis 
after instillation of TEP is not as evident in 
this graph 

If one could prove that the effect on the 
intraocular pressure of a glaucoma patient 
the effect, 
would be no point in using neostigmine or 


parallels directly miotic there 
stigminene im treatment. 

The fall in intraocular pressure after in 
stillation of one drop of each of these miotics 
in a normal human eye shows a rough cor 
relation with amount of ocular irritation pro 
duced (table 1). 


rise in tension 


hysostigmine produced a 


DEP produced the least fall in tension of 
of the 
ported by von Sallmann and Dillon’ to have 


anny other drugs, and has been re 
produced a rise in tension. This has been ex 
plained as being the result of the dilatation 
of the capillaries of the iris and ciliary body 


Fie. 5 (Linn and Tomarell Lyi-isopropy! 
phospl te (Ol percent), Possibly a congestion ot the aqueous veins 
5- 
~ 
> 
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MINUTES 
Fig. 6 (Linn and Tomarelli). Rapidity of action of various agents tested. (S) Stigminene bromide 


ent) Physostigmine salicylate (ot 


(0.1 


Petraethiyl pyrophosphate percent ) 


percent) 
(D) Di-isopropyl fluorophosphate (0.1 percent) 


(N) Neostigmine bromide (five percent) 
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is also an explanation and the effect of each 
of these drugs upon the aqueous veins should 
be studied. 

Clinical experience in the treatment of 
glaucoma with these drugs does not give 
any evidence of an effect on the intraocular 
that 


normal eves. Therefore, no conclusions can 


pressure similar to recorded in these 
be made from these tension findings as to 
the relative value of the anticholinesterase 
agents in the treatment of glaucoma. 

In noting the pupil size of the control eye 
after instillation of a miotic in the opposite 
eye, one can observe a temporary or pro- 
longed dilatation of that pupil to a mild de- 
Only fails to this 


contralateral pupillary dilatation. This find- 


yree. neostignine show 
ing is not the result of environmental influ 
ences. 

Boriani® in a careful and thorough series 
of experiments has demonstrated a retino 
pupillary reflex. The pupillary dilator cen 
ter is stimulated by the decreased light strik 
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ing the retina of the miotic eye. Since the 
stimulus to dilate the pupils is transmitted 
from the dilator center to both eyes equally, 
a dilatation of the opposite pupil results. If 
the optic nerve of the eve receiving the miotic 
is severed, this reflex is abolished. 
Apparentls the miosis produced by neo 
stigmine was not sufficient to activate this 
reflex. We feel this reflex accounts for the 
rise in tension frequently seen in an 


had 


strenuous miotic therapy is being adminis 


eve 
which previously been normal, when 
tered to the opposite eye. 

If miosis is any criterion of the effective 
ness of an anticholinesterase agent in the 
treatment of glaucoma, physostigmine, TED, 
and DFP are the most potent of these drugs 
available today. 

We cannot support the pessimism ex- 
pressed by Grant in his recent report.” Al 
though he found a drug sensitivity to de 
velop in a number of his cases, we do not 
feel this is a valid objection. We have noted 
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Mic. 7 (Linn and Tomarelli). Duration « 


and control eyes 


(S) Stigminene bromide (eight percent) 


if action as measured by a difference in pupil size of the treated 


(P) Physostigmine salicylate (one percent) 


(N) Neostigmine bromide (five percent). (T) Tetraethyl pyrophosphate (0.1 percent). (D) Di-isopropy! 


fluorophosphate (0.1 percent) 
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TABLE 1 


AGENTS ON OCULAR TENSION 


Conjune tival 


before Hour after oy and Ciliary 
Instillation Instillation Irritation 
Physostigmine 22.7 23.2 +0.5 ++4 
Stigminene 17.3 4- 
Neostigmine 19.6 15.4 4.2 
0.7 18.3 2.4 
DEP 18.4 17.1 1.3 +++-+ 
* Fach tension is the average of 10 to 12 patients 
1 drug sensitivity in many of our patients 3. Di-isopropy! tluorophosphate, tetra thy] 
using physostigmine and in others using pyrophosphate, and physostigmine caused 


We have no intention of discon 
the The mild 
local reaction and the prolonged duration of 
rEP makes it ideal for the treat 
We 


gation is indicated before ThP is dropped 


atropine 


tinting use of these drugs 


action of 


ment of glaucoma feel further mvesti 


from the list of drugs useful in glaucoma 


SUMMARY AND CONCLUSIONS 


1. An evaluation of five anticholinesterase 
wents has been made on normal rabbit and 
human eves. The concentration of each drug 
tested corresponds to the strongest concen 
tration which might be used in the treatment 
of glaucoma 


2? Physostigmine. di-isopropvl fluorophos 
proj | 


the most prolonged miosis in the order 
named, 

4 Neostigmine, 
ethyl py rophosphate caused the least local 


stigminene, and tetra 
ocular irritation and the greatest fall of m 
traocular pressure of the normal eye. Physo- 
stigmine caused a rise of the intraocular 
pressure. 

5. In our rabbit experiments, we failed to 
demonstrate any antagonistic effect of any 
drug in this group to atropine when atro 
pinization was complete. In a partially atro 
pinized pupil, no significant difference in 
ability to overcome atropine was observed 

6. A dilatation of the pupil of the control 
in 


eve of mild degree occurred in most 


stances. We have suggested this as an ex 
planation of the occasional occurrence of an 
acute tension rise observed in a previously 
normal eve during the course of intensive 
miotic therapy of the fellow eve. 

7. In spite of a previous unfavorable re 
port on tetraethyl pyrophosphate, we feel 


further clinical trial is indicated because of 


desirable characteristics of that drug ob 
served in this study. 
509 Liberty Avenu (22) 
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DiscUssION 


Dr. W. Morton Grant [Boston]: Studies of 
cholinesterase inhibitors are primarily 
in ophthalmology for the usefulness or potential 
usefulness of these drugs in the treatment ot! 
glaucoma. This sort of 
proper selection from among the considerable num- 
wn be 


interesting 


study is necessary for 
linesterase inhibitors that are kn 
inhibitors have a common 
denominator 1s 
herefore, 


ber of cl 
cause the cholinesterase 
mode of action. Their 
that they all act through acetylcholine 
we would expect that they would all fundamentally 
have the that is, just the 
if acetylcholine. Differences among cholines- 


common 


same actions in the eye, 
terase inhibitors would be only in their side prop- 
erties, that is, in their duration of action, in their 
contact toxicity, or in their stability. 

Duration of action which has been principally 
studied here is interesting and important to us 
in the practical use of the drug because of the fre- 
quency with which it need be administered. The 
short-acting drug can be effective in an eye only 
by frequent administration, but a long-acting drug 
like DFP may have the advantage, on the one 
hand, of being used only sav, once a day, but have 
the disadvantage, on the other hand, that a cumula- 
tive effect is easily obtained, the succeeding doses 
adding upon the effect of the first doses given, so 
that there is an increasing effect over several days 
Dosage is started today and in tl 
in effect in the eve may be built up to a greater 
level than the original. So, that is a consideration 
that must be taken into account in connection with 


ree davs the dose 


duration 
In connection with 
irritative effect which probably has nothing to de 


toxicity, we have the local 


with the acetylcholine but is due to the physical 
chemical properties of the drug itself. Also, the 


property of producing sensitization is one that can 
not be neglected readily 
In the case of TEP, I felt that the incidence of 
sensitization was high enough to make this drug 
less desirable than some others. In other words, 
ike it worth while to keep on looking tor some 
other drug that could be tolerated by a larger pro- 
portion of the patients. It is a matter of opinion as 


to what is a tolerable percentage of sensitization 
On the question of stability, we might consider 
that, of the drugs that have been tested so far, 
there are two groups 
such as TEP and DFP, and the nitrogen bases, 
the alkaloids, such as eserine and prostigmine 
The principal difference in those so far tested 1s 
that organic phosphates are poorly stable in water ; 
they decompose in a matter of hours to inactive 
products. Therefore, they have had to be used im 
oil, and if somebody got some tears or water in the 
oily solution, there might be decomposition of the 
drug and, before the patient was aware of it, his 


the organic phosphate esters, 


condition would be out of control 

The alkaloids are water-soluble and water-stable 
for considerable periods and that is an advantage 
in their tavor 

There is another drug that has been investigated 
in Europe and is among the phosphates, 
a di-ethyl paranitrophenyl phosphate. This sub 
stance, unlike the other phosphates, is 
water-soluble and water-stable and, according to 
the reports in Europe, is effective in the treatment 
of glaucoma. A study Linn’s will be 
necessary for comparison with our standard drugs 
to see offers any 

Incidentally, a lot of these 
tors are toxic to insects and the 
secticidal agents 1s a good source for information 
TEP 
was first investigated in Germany for its insect 
cidal Parathione 
paranitrophenyl phosphate, were also 


organic 


organic 


such as Dr 
whether this one advantages 

cholinesterase inluli 
literature on in 


on new compounds of miotic potentialities 


properties and mintacol, diethyl 
first studied 


as insecticides 


LINN, Jr. (closing): I wish to thank 
I might add something 


Dr. Jay G 
Dr. Grant for his discussion 
that is in the paper but that I forgot to mention 
The irritation from DFP was so marked in thes 
patients that we did not think a 0.1-percent solu- 
tion in peanut oil was advisable in routine treat 
ment of glaucoma. | think many of you have als 
had experience with patients who could not tolerate 
the 0.1-percent solution 


ELECTROENCEPHALOGRAPHIC CHANGES IN STRABISMUS* 


Manues LL. M.D., Erna L. Gipss, 


Chic dy 


The present clinical study was initiated 
after the observation that many children, in 
whom the electroencephalogram showed oc 
cipital lead abnormalities, had associated 
ocular problems. To clarify the nature of 
this relationship, a detailed study was made 
of 1,345 children under the age of 16 years. 

A preliminary report by Levinson, Gibbs, 
Sullerman, and Perlstein’ dealt with the find- 
mgs in 1,245 patients. It was limited to the 
relationship between the clectroencephalo 
graphic occurrence of occipital foct and 
neuro-ocular pathology im general. 

The present report attempts a more de 
tailed evaluation of this relationship relative 
to types of strabismus, amblyopia ex anop 


sia, retinal correspondence, and fusion status. 


DISTRIBUTION OF CASES 

The 1,345 cases in this study were divided 
into three groups. The age range was from 
two to 16 years. The first group contained 
(40 patients for whom complete history and 
neurologic and eve eXaminations were avail- 
able. OF this group, 180 normal children 
without neurologic or an ocular pathologic 
comlition comprised the control series. The 
remainder of this group was made up of 460 
consecutive cases of cerebral palsy seen in 
a pediatric neurology office and clinic prac 
tice 

The second group consisted of 605 chil- 
dren with seizures and abnormal electroen 
cephalograms for whom a record of the eye 
findings was available, but for whom com 
plete history and physical findings were not 
viven 

The third major group consisted of 100 
cases selected from the eve clinics of the Thi 


* From the Departments of Ophthalmology and 
Neuro-Psyvchiatry, University of llinois College 
of Medicine, and Children’s Neurology Clinic, Cook 
County Hospital This study was aided by grants 
from the National Institute of Neurological Diseases 
and Blindness of the U.S. Public Health Service 


ind the Research Group for Cerebral Palsy 


Mever A, Pertstein, M.D 


Illinois 


nois Eye and kar Infirmary and the Research 
and Educational Hospitals of the University 
of Illinois. An attempt was made to choose 
patients who were normal, except for the 
ocular pathologie condition. Any child whose 
history or physical examination was sugges- 
tive of central nervous-system involvement 


was screened out of the third group. 


NATURE OF THE EYE DISORDERS 


The first two groups comprised 1,245 
cases of which 361 had eve disorders. Stra- 
bismus was the most common condition, and 
accounted for 73 percent of the total cases in 
which an ocular pathologic condition was 
present. Central blindness was noted in ap- 
proximately 16 percent. The remaining 11 
percent consisted of cases of congenital cata- 
racts, paralysis of vertical gaze, and nystag 
mus. Visual aura were not included as eye 
findings in this study, although high corre 
lation with occipital foci was noted (table 1). 

In the third group, 89 of 100 cases were 
strabismus problems. The remaining 11 cases 
in this group consisted of congenital cata 
racts, ptosis, nystagmus of ocular origin as- 
sociated with compound myopic astigmatism, 
retrolental fibroplasia, posttraumatic amauro- 
sis, and optic atrophy. An analysis of the eye 
disorders in Group 3 is shown in Table 2. 


THE ELECTROENCEPHALOGRAM 


In 1929, Berger discovered that changes 
in electrical potential could be recorded by 
the application of electrodes to the human 
scalp. The oscillations in electrical potential 
occur rhythmically at a frequency of six to 
30 per second in the adult, but are frequently 
as slow as four to six per second in infants. 
The amplitude varies normally from five to 
100 microvolts. The waves recorded from the 
scalp are cortical in origin, but are modified 
by the activity of deeper centers and by 
sensory stimulation. 


£ 
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Visual stimulation is particularly effective 
the 
Pathologic changes in the electroencephalo 


in modifying electroencephalogram. 
gram reflect alteration of function of a por- 
tion of the cortex or connected deeper cen- 
ters. Such changes are common in epilepsy, 
brain tumors, abscesses, and, in fact, in all 
conditions producing brain damage, irrita- 
tion, or disorders of neuronal metabolism. 

Nonfunctioning or destroyed areas of cor 
tex are not readily detected in the electroen- 
cephalogram because the activity of surviv- 
ing brain cells masks the cells which have 
been destroyed. 

All electroencephalograms in this study 
were taken with the patient both awake and 
asleep. Sleep was either spontaneous or in- 
duced with 0.75 to 1.5 gr. of seconal. Sleep 
records were considered necessary for the 
proper study of this series, since during 
sleep a much higher proportion of abnormal 
ities becomes manifest in the electroence 
phalogram.* 

Reference electrodes and the Grass eight 
channel electroencephalograph instrument 
were used in all cases. From eight to 12 
leads were employed and, in many cases, 
both a low and a high occipital lead were 
used. The leads were glued to the scalp with 
collodion as shown in Figure 1. The proce 
dure is entirely painless and nonhazardous. 

We considered spike foci and slow-wave 
foci to be major pathologic alterations.** 
Persistent amplitude asymmetry between the 
right and left occipital leads, and limited to 
this area, was classified as a minor electro 
encephalographic abnormality. Present ex 
perience marks this asymmetry as abnormal, 
since it did not occur in our normal control 
group. 

The normal electroencephalographic pat- 


tern is shown in Figure 2 


The presence of 
spike foci may be seen in the right occipital 
lead in Figure 3. Slow-wave foci are repre 
sented in the right occipital lead in Figure 
4. Persistent amplitude asymmetry is pictured 
in Figure 5. The left occipital lead with low 
voltage is considered pathologic, since this 


FABLE 1 


DISTRIBUTION OF EYE DISORDERS IN COM- 
BINED GROUPS | AND 2 
(1,245 cases) 


No eye disorders 884 
Eye disorders present of which... . 361 
Strabismus occurred in. . . 73°, 
Central blindness occurred in 16%; 
Congenital cataracts 
Paralysis of vertical gaze 11%; 


Nystagmus 


relationship is maintained throughout the 
tracing. 

All borderline or equivocal tracings were 
considered to be normal, and only those with 
patent irregularities were classified as ab- 
normal. For purposes of this study, electro- 
encephalographic abnormalities were divided 
into the generalized group, in which the seiz- 
ure activity occurred simultaneously in all 
leads, and the focal group, in which the elec 
troencephalographic disturbance occurred in 
dependently in one or more areas.’ The focal 
group included those in which the occipital 
area was involved alone or in combination 


with other areas. 


TABLE 2 


NATURE OF EYE DISORDERS IN Group 3 
(100 cases) 


I. Strabismus cases 89 
Esotropia 05 
Monocular 
Right 18 
Left. . 18 
Alternating 
Exotropia . . 22 
Monocular. . 4 
Right ; 
Left. . 
Alternating 18 


Hypertropia 


If. Other ocular pathologic tindings i 
Congenital cataract ; 
Posttraumatic amaurosis . 1 
Optic atrophy (etiology undeter 

Retrolental tibroplasia. . . . 


Ocular nystagmus and compound 
myopic astigmatism... . 
Blepharoptosis........ 2 


~~ 
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and Perlstein). From 
glued to the sealp with 


Fiv. 1 (Stillerman, Gibbs, 


wht to 12 leads were 


RESULTS 


In 180 control children, namely those with 
no history of seizures and completely normal 
physical examination, only 0.5 percent had 
One pital foci (table 3). 

The group of 460 cerebral palsy cases in 
cludes some patients with pyramidal and 

ome with extrapyramidal tract involvement. 
Seizures and abnormal eye findings were 


prese nt im 


and absent in others. 


graphic pattern 
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GIBBS, 


A high incidence of focal electroen ephalo 
graphic abnormalities was present. Cf the 
305 cases with normal eves 38 percent had 
occipital foci, and 35 percent had changes 
in other leads. Focal involvement was twice 
as great in the occipital area (74 percent) and 
only one fourth as great in extraoccipital 
areas (nine percent) in the group with path 
ologic findings in the eye, as compared to the 
group with normal eyes (table 3). 

No significant statistical correlation was 
demonstrated between electroencephalo- 
graphic abnormalities and sex, age, or race, so 
these subclassifications were omitted from 
the table for purposes of clarity. 

To determine whether a correlation existed 
between the type of eye involvement and oc 
cipital foci, the 155 cerebral-palsy cases with 
neuro-ocular pathologic findings were ana- 
lyzed with reference to the type of eye dis 
105 of the 


155 cases, and 80 (76 percent) had associ 


order. Strabismus occurred in 
ated occipital foci. Similarly, 22 of the 24 
cases with central blindness (92 percent ) had 
occipital foci. Of the remaining 26 cases, 
which included those with congenital cata 
ract, paralysis of vertical gaze, and nystag- 
mus, 50 percent had occipital foci (table 4). 

The presence of seizures in cerebral palsy 
increases the incidence of focal seizure ac 
tivity throughout the brain,® including the oc 


cipital areas (table 5). Even when the eye 
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3 (Stillerman, Gibbs, and Perlstein). The 
of spike foci may be seen in the right 


Fie 
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ae 
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ee 
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Fie. 4 (Stillerman, Gibbs, and Perlstein). Slow 


wave foci are represented in the right occipital 


lead 


findings were normal, the incidence of focal 
occipital electroencephalographic abnormalhi- 
ties was doubled (52 percent to 25 percent ) 
when seizures co-existed. However, when, in 
addition to seizures, eve disorders were pres- 
ent, a significantly greater percentage of oc 
cipital focal electroencephalographic changes 
occurred than when the eyes were normal (82 
percent to 52 percent). There was a con 
comitant drop in focal activity in the other 
leads when eye disorders were present. 

The second group of patients with which 
this report deals consisted of 605 patients 
with seizures whose electroencephalograms 
demonstrated focal abnormalities. Of this 
group 206 had eye disorders. 

The correlation of electroencephalogram 
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Fig. 5 (Stillerman, Gibbs, and Perlstein). 
Persistent amplitude asymmetry. 


findings with the presence of eye disorders ts 
noted in Table 6. Of 253 patients with ab 
normal electroencephalographic foci sparing 
the occipital region, only nine percent had 
pathologic eye findings. Of 352 patients with 
occipital foci, 52 percent had abnormal neuro 
ocular findings. 

A consideration of foci limited to a specific 
area of the brain reveals that occipital in 
volvement is associated with clinical eye de 
viations in a significantly higher percentage 
of cases (63 percent) than when isolated in 
volvement of frontal (three percent), tem 
poral (six percent) and parietal (eight per 
cent) areas occurs. 

Strabismus comprised approximately 75 
percent of the eye cases in this group, cen 
tral blindness about 20 pereent, and nystag 


PABLE 3 


ELPCTROENCE PHALOGRAPHIC AND EYE DISORDERS IN NORMAL AND CEREBRAL PAI SIED CHILDREN 


Clinical Classification Potal 
Cases 
Normal 180 
Eves normal 
Cerebral Palsy 

160 Cases With strabismus ot 
other eve disorders 155 
Poot il 640 


EEG Classification in Percent 


General Focal \bnormality 
Normal | Seizure Potal 
' Activity Occipital Other 
0 1.5 100 
26 1 38 35 100 
7 0 74 ” 100 


ae 
= = 
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TABLE 4 


INCIDENCE OF OCCIPITAL SPIKING IN ELECTROEN 
CEPHALOGRAM IN 155 CEREBRAL PALSY CASES 


WITH EYE DISORDERS OF VARIOUS TYPES 
Potal Occipital 
Cases Spiking 
Num P 
ber ‘ 
Strabismus 105 80 76 
Central blindness 4 22 92 


Congenital cataracts 
Paralysis of vertical gaze an 13 
Nystagmus 


sO 


mus, congenital cataracts, or a combination 
of these conditions, the remainder. In this 
group, just as in the first group studied, cor- 
tical blindness and strabismus were the ocu 
lar deviations most frequently associated 
with abnormal occipital foci. 

The third group of cases comprising this 
study consisted of 100 patients whose sole 
probl m was ocular (table 2). Of these, 82 
had normal and 18 had abnormal electroen 
cephalogram tracings (table 7). Of the 18 ab 
normal electroencephalographic tracings, all 
changes were limited to the occipital leads 
Nine cases had persistent amplitude asym 
metry, eight had spike foci, and one had slow 
wave foci. All of the abnormal patterns were 
found among the 89 strabismus patients, the 
11 with miscellaneous ocular pathologic find 


ings having normal tracings 
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An analysis of the abnormal electroence 
phalograms with reference to the types of 
strabismus revealed that five of the eight oc 
cipital spikes occurred in children with alter 
nating exotropia, despite the fact that there 
were almost three times as many patients 
On the other 
persistent am- 


with esotropia as exotropia. 
hand, the nine patients with 
plitude asymmetry included seven with eso 
tropia and two with exotropia. The two hy 
pertropias, with definite paretic components, 
had normal electroencephalograms. 

Our findings, though based on a relatively 
small series, would indicate the occipital ab- 
normalities in the electroencephalogram oc 
cur about twice as frequently in exotropia 
as in esotropia (32 percent to 17 percent), 
and that when the occipital abnormality con- 
sists of spikes, the incidence in exotropia is 
about four times that of esotropia (22 per- 
cent to 5 percent ) 


AMBLYOPIA EX ANOPSIA 


An attempt was made to correlate the pres 
ence of amblyopia ex anopsia with a patho 
logic electroencephalographic pattern. A di- 
agnosis of amblyopia was made only if sub 
jective verification was possible. Questionable 
cases were eliminated. 

A total of 21 amblyopes were found in the 
entire strabismus series, 15 of these having 
entirely normal electroencephalograms. As 
can be seen from Table 8, occipital electro 


FABLE 5 


KEL ATION oF 


ELECTROENCEPHALOGRAM TO EYE 


AND CONVULSIVE DISORDERS 


(460 cerebral palsy cases 


Classification 
No ire’s 172 
byes normal 
With seizures 133 
No seizures 
With eve dis 
With seizures 


EEG Classification in Percent 


General Focal Seizures 
Normal Seivure 
\ctivity Occipital Other 
37 1 25 37 
13 2 §2 33 
21 0 71 
6 &? 12 
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ABLI 


ELECT ROE NCE PHALOGRAPHKC 


LOCALIZATION OF 


59 


CHANGES 


FOCT AND EYE DISORDERS 


605 cases with seizures 


Location of Focus 


\ ith I ve Disorders 


Total Cases 


Number 
Occipital spared Total 253 22 9 
Frontal alone 4 1 3 
Temporal alone 6 
Parietal alone 51 4 8 
Combined 70 16 
Occipital involved — Total 352 184 52 
lone 136 86 63 
Combined with other areas 216 o8 45 
encephalographic abnormalities were found — ence in 18. Only one case in the latter group 
in 29 percent of strabismus cases with am- demonstrated harmonious anomalous corre 
blyopias, as compared to 18 percent of stra~ spondence, nine had unharmonious corre 
bismus without amblyopia. spondence, and eight had no particular area 
This apparent increase in the incidence of | in the deviating eye that corresponded di 
electroencephalographic abnormality in the — rectly with the fixating macula. This situa 
presence of amblyopia is perhaps fortuitous, tion parallels the “state without functional 
but it may be real, since amblyopia is more correspondence’” described by Adler and 
commonly found in esotropia, where electro- Jackson.” 
encephalographic abnormalities are less fre- The remaining 37 strabismus cases were 
quent than in exotropia. eliminated from consideration because 20 
provided insufficient cooperation with which 
RETINAL CORRESPONDENCE to determine the correspondence status, and 
Reliable determination of retinal corre- 17 gave conflicting results on testing with 
spondence was obtained in 52 cases, employ- the haploscopic and the after-image devices. 
ing the synoptophore and the after-image Of the 18 patients with abnormal electro 
test. Normal retinal correspondence was elic- encephalograms, only one had _ associated 
ited in 34 cases, and anomalous correspond- anomalous retinal correspondence. Nine of 
rABLE 7 


ELECTROE NCE PHALOGRAPHIC FINDINGS IN NORMAL 


PATIENTS EYE DISORDEKS 


(100 cases) 


Clinical No. Cases 
Normal 
Strabismus 
Total 89 71 
Esotropia 65 54 
Exotropia 22 15 
Hypertropia 2 2 
Miscellaneous 
Eve pathologic findings 11 i! 
Total 100 8&2 


Occipital EEG Changes Total 
Spikes Asymmetry Slow-Wave \bnormal 
9 1 18 (20.2% 
3 (5%) 7 (11%) 1 11 (17%) 
§ (22%) 2(9% 1 7 (32Q% 
0 0 0 0 
0 0 0 0 
9 


| 
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TABLE & 


LECTROENCE PHALOGRAM AND AMBLYOPTA 
IN STRABISMUS 


No 
EEG Findings 
Normal Abnormal 
Stral miu SY 71 18 
No amblyopia OS | 12 
Amblyopia 1 5 6 (29°, 


17 cases with pathologic ir 
the 


tracings had normal retinal corre spondence, 


the remaining 


reguiarities im clectroencephalographic 
while exght cases fell in the group with un- 
dete d Or al corresponde nee. The 
additional 25 strabismus cases with normal 
retinal correspondence had normal electro- 
encephalograms 

It is believed. there fore, that no correla 
tion had been demonstrated between anoma- 
lous retinal correspondence and pathologic 
Inoelectrical ac tivity as recorded in the elec 


troencephalogram 


USION 
The presence or absence of suppression 
ind the fusion status were determined by 
means of Worth’s four-dot test, the major 


unblvoscope, and the Three Dimensional 


Company's polaroid “fly.” Reliable estima 
tion of fusion was obtained in 52 of 89 cases. 

The breakdown, correlating fusion status 
with electroencephalographic findings, em 
plovs the classical terminology (table 9). On 
the basis of our data no correlation can be 
fusion difficulties and 


established between 


the presence of occipital abnormalities in the 


electroencephalogram 
LATERALITY 
\ study was made to see if there was a re 
lat onship between the side of the ocular de- 


viation and the side of the electroencephalo 


graphic 


v abnormality. No correlation on the 


basis of lateralitv was observed 


DISCUSSION 


\ significant number of children with stra 


GIBLES, AND MEYER A. PERLSTEIN 
bismus and central blindness have associated 
occipital lead abnormalities in the electroen 
cephalogram. This relationship exists in the 
strabismus group whether or not organic 
brain disease or seizures are present. 

There are, as yet, too few data to estab 
lish a definite relationship between the types 
of strabismus and occipital lead abnormalities 
in the electroencephalogram. However, the 
trend evidenced in our material, with 32 per 
cent of exotropes having associated occipital 
lead abnormalities, makes it imperative that 
a larger number of exotropia cases be studied 
to ascertain whether a true statistical differ 
ence exists between the esotropias and the 
exotropias. 

We have found no basis in fact to sup- 
port the contention of Dyer and Bierman* 
that a high percentage of children with am- 
blyopia ex anopsia in strabismus have gener- 
alized electroencephalographic abnormalities. 
Furthermore, we have not been able to estab- 
lish an unequivocal correlation between am 
blyopia ex anopsia and the occipital lead 
changes which comprised the predominant 
electroencephalographic feature in cases with 
ocular pathologic findings. 

The electroencephalographic record in chil 
dren contains a large number of normal 
variations. The interpretation of such trac- 
ings should be rendered with greater caution 
and restraint than is necessary in the adult 
records, where the abnormal changes are 
more clearly defined. 

Failure to correlate amblyopia ex anopsia, 
retinal correspondence with 


fusion, and 


abnormal electroencephalographic findings 
makes it questionable whether the electro 
encephalogram will be of any aid in solving 
the riddle of the sensorial aspects of the 
strabismus problem. However, it may be a 
useful the individual 


squint problem. In two of our intermittent 


tool in evaluating 
exotropias there is a strong suspicion that 
the episodes of ocular deviation may coin 
cide with the bursts of abnormal electrical 
discharge in the occipital areas. 

The presence of abnormal electrical ac- 
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89 strabismus cases 


71 Cases with Normal EEG 


Fusion status determined 41 


No fusion 12 
Simultaneous 

Macular perception 14 
Fusion with amplitude 11 
Stereopsis 


18 Cases with Abnormal EEG 


Fusion status determined 11 
No fusion } 
Simultaneous 

Macular perception j 
Fusion with amplituck 1 


Stereopsis 


tivity in the brain of a child with strabismus 
does not establish a causal relationship, but 
must make one suspicious that abnormal 
supranuclear influences are at play. 

We are investigating the relationship be 
tween such electroencephalographic changes 
and intermittent tropias by recording simul 
taneous electroencephalograms and electrical 
eve potentials. Eye potential differences are 
being studied according to the technique de 
scribed by Callahan and Redlich.® 

The 
Clinic for 


first 36 cases sent from the Motility 

electroencephalographic study 
were chosen at random. Of these, 30 percent 
had abnormal electroencephalograms. Care 
ful requestioning of these patients, whose 
problems were thought to be solely ocular, re 
vealed clues suggesting central nervous-sys- 
tem involvement. These cases were discarded 
from our series, but they point up the fact 
that a high number of squints with a neuro 
logic basis may be ove rlooked unless a care 


ful investigation ts instituted. 


SUMMARY 


1. A clinical correlation between electro 
encephalographic studies and strabismus, as 


well as a group of miscellaneous eve disor 


EEG Findings 


Normal Spike Asymmetry  Slow-Wave 
41 
0 6 
| ; 
1 


ders, has been made in 1,345 children under 
the age of 16 years. 

2. In children with organic brain diseas 
causing cerebral palsy, electroencephalo 
graphic foci in the occipital region occurred 
almost twice as frequently in the presence of 
abnormal eve findings. The nature of this 
relationship prevailed whether or not sei 
zures Were present. 

3. In 605 cerebral palsy cases with seizures 
and ocular pathologic findings, predominant 
ly strabismus, electroencephalographic foci 
involving the occipital region were six times 
more common than all other foci combined 

4. Of 89 normal children with strabismus, 
20.2 percent had occipital lead abnormalities 
in their electroencephalograms. In the con- 
trol group of 180 normal children without 
strabismus or other ocular pathology only 
0.5 percent had occipital lead abnormalities 
in their electroencephalograms 

5. Occipital abnormalities in the electro 
encephalogram occurred twice as frequently 
in the normal children with exotropia as in 
esotropia (32 percent to 17 percent). When 
the occipital abnormality consisted of spikes, 
in normal children with exo 
that 


the meidence 


tropia was approximately four times 


fi2 MANUEL L. STILLERMAN, ERNA I 


vith esotropia i 22 reent to tive percent 
No 


found in the gr 


almormal clectroencephalograms 


wert oup of normal children 
with miscellaneous ocular pathologic condi 
tions. It is probable that an ocular pathologic 
process limited to the peripheral organ does 
not aftiect electroencephalographic patterns. 

7. No 


correlation was demonstrated be 


GIBBS, AND MEYER A. PERLSTEIN 


tween abnormal electroencephalographie tind 
ings and fusion, the laterality of the devia 
tion m strabismus, and retinal correspond 
The 


electroencephalographic disturbances and am 


ence equivocal relationship between 


blvopia eX anopsia 1s discussed 
(2) 
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DiscussION 


Gumor (Chicago): The authors 
in this paper, placed the eye in the position 
where it belongs, within the central nervous sys- 
tem. We as ophthalmologists fail many times to 


recogmize this fact. It is a fact that strabismus, 
rom a neurologic viewpoint, divides itself into 
three main types: (1) That associated with defects 
ot the central nervous system such as the authors 


iwe discussed, where there are lesions in the 
ortex; (2) that type associated with derangements 


as accommoda 


t the central nervous system, such 

tive esotropia in which there are no lesions; and 
(3) that type associated with lesions of the periph- 
eral-nervous syste 


one of the 
strabismus 


examination ts 

in ascertain when 
letects in the central nervous system 
that here we 
sis which is not foolproof 


results trom 


It is interesting, realize 


ive a method chagn 


interpreted with certain reser 


wever, to 


This method must be 


vations which are available to most of us 
Another pot that | wish to stress is the fact 
that other evidences exist that the central nervous 
system is involved in producing strabismus. In a 
large number of patients with cerebral palsy, we 


find the existence of strabismus or some other eye 
defect, such as conjugate deviations. This interest 
ing observation gives us insight into the fact that 
strabismus is present in 60 to 70 percent of the 
patients who have cerebral palsy (I am talking 
about children predominantly), in whom there exists 
cortical lesions. It is, therefore, very important to 
analyze this situation as Dr, Stillerman has done 

An important finding, here, is that the 
occipital lobe shows these dominant defects in the 
electroencephalogram rather than the frontal cortex 
We do not know how to explain this observation 
because we find the frontal cortex which seems to 
be affected clinically in cerebral palsy 
associated with strabismus 


made 


cases of 


The results discussed in this paper are indeed 
an addition to our knowledge concerning the eti 
ology of strabismus. 

Dr. Donatp Lyte (Cincinnati): About a year 
wo we were setting up our encephalograpluic ap 
some work on nystagmus; we thought 
we could determine the ditference between vestibular 
nystagmus, the nvstagmus due to fatigue, and so 
m, and our neurologist told me of the splendid 


paratus to dk 


, 
| 
a 
J 
it 
Encepha 
methods whe 
2 it 
Pe 
= 


ELECTROENCEPHAI 
in Chicago so I wrote 
to these investigators and they sent me their manu 
script. Immediately we thought we might turn 
ur encephalographic study over to this other held 
So, we ber of cases that we have 
examined—22, all together. But we | 
and we thought that we might continue this study 
and try to develop and improve or disprove them 
We tried to examine strabismus of the 
alternating type, of the mor lar type, with and 
without amblyopia, and of the paralytic type, either 


work they were undertaking 


have a modest nun 
iave some ideas 


cases ot 


supra- or infranuclear. We took the readings with 
the patients’ eves closed, with their vision sup- 
pressed, with their eves open and reading at 20 


feet, with their eves moving from side to side in 
a horizontal direction from one corner of the room 
to the other, and also reading at close range, hoping 
that we might develop something 

We found in modest that, as the 
essayists said, most of our defects, if they were 
present at all, were occipital-lobe defects. We 
found one or two in the frontal or parietal lobe 
We were hoping that we might be able to deter- 
mine why we should find so many in the occipital 


our series 


lobe, whether it is the reflex occiput mesencephalic 
tract which is chiefly involved in this condition or 
whether it is the voluntary corticobulbar tract. | 
thought perhaps the essayists could tell us why it 
occurs so much more frequently in the occipital 
lobe than it does in the motor field of the frontal 
lobe 

We were 


why some ot 


hoping that possibly we could determine 
our strabismus surgery is good and 
We thought, possibly, if there 
was cerebral involvement, we had a poorer chance 
of getting good results than if it was infranuclear 
or nuclear, because of the more complex condition 
present, the more unstable condition present. So | 
should like to ask the whether he thinks 
that the reason for this occipital preponderance of 
spikes, of the abnormalities of the occipital field, is 


some not so good 


essayist 


significant of the fact that we are dealing with 
more of a reflex condition there rather than a 
voluntary one 

Dr. Artuur Linxsz (New York): I am in 


terested in this paper because it reminded me of 
another paper we heard, | think, in this society, 
by Professor Wald and Dr. Burian 
They studied retinal function in cases of amblyopia 
and found that, as far as pure retinal functions are 
concerned (such as discrimination or 
dark-adaptation), there was no difference between 
cases of amblyopia and other normal cases. This, 
to my mind, proved clearly that the whole problem 
of amblyopia and, of course, the whole problem of 
strabismus, has to be shifted from the eye, from 
the retina, and from the musculature of the eye 
to the brain; that the actual problem in strabismus 
is in the brain. 


some years ago 


intensity 
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In that connection, it is significant to see the 
many cases of generalized pathologic conditions of 
the brain in the presented material 
palsy which, on the one hand, show changes in the 
electroencephalogram and, on the other hand, pre 
sent oculomotor pathologic findings 

There is just one question I would like to ask 
The author had two cases of hypertropia in connec 
tion with which he made the remark that these 
cases had no involvement of the electroencephalo 
gram because they were paralytic cases. Do I under 


the cases ot 


stand well that he expects in general that cases of 
purely involvement of 
the electroencephalogram? Is there any correlation 
between the two? 


oculomotor palsy have no 


Dr. Harotp Farts (Ann Arbor, Michigan): I 
wish to intrude a minute to make a suggestion to 
the authors that they consider extending their 
studies to include both unaffected and affected sib- 
lings as well as parents. Such family studies will 
present the investigators with the same gene (and 
same phenotype). They will not be dealing with a 
hodgepodge of etiology but will be thus studying 
the same basic pathologic process in a group of 
individuals which vary only slightly in environment 
and modifying genes. Such family studies provide 
their own controls; that is, the unaffected relatives 


De M. L. Stitterman (closing): I do not 
think I can shed any light on Dr. Lyle’s question 
about why we find predominant c 
occipital leads rather than in the frontal leads. I 
think his suggestion that these alterations may be 
of a reflex nature rather than a voluntary one 1s 
However, we must not forget that, 
despite the fact that we are recording cortical 
activity from a particular area of the brain, the 
potential changes are subject to influences from the 
deeper centers. Certainly the large, unexplored as- 
sociational pathways, which may be concerned with 
such things as fusion and other sensory com 
ponents, may be influencing our records 

As far as Dr. Linksz’s question about the dif 
ference between the concomitant and the paralytic 
squints is concerned, I hope I did not mislead you 
I did not mean to imply that because there was a 
paralytic element in the hypertropia, that the elec- 
troencephalogram would be normal, although I 
feel that in pure peripheral nerve involvement 
without cerebral damage, we would be less likely 
to have disturbances in the electroencephalogram 

The question is asked whether there 
any attempt to correlate electroencephalographic 
findings with those found in the electroretinogram 
I cannot give you any specific data except to say 
I know Dr. Burian has been working on that prob 
lem in Boston. I have had no correspondence ort 
discussions with him since he started the problem 
but I do know he is working on it 


hanges the 


a gO xl one 


has been 


STUDIES ON THE 


PATHOGENESIS O1 


RE TROLENTAL 


FIBROPLASIA* 


FRANKLYN P. Bousgvert, JR, 


Por the past year the 
Vediatrics and Ophthalmology at the New 
Medical 


(enter have co ot rated in a study to evaluate 


Departments of 
York Hospital-Cornell University 


t of vitamin Ek in retrolental fibro 


plasia While that 


trequent 


he role 


study is not complete, 


serial ophthalmoscopic examina 
tions according to the methods of Owens 
ind Owens? in normal infants and infants 


the 


istics 


cle \e lor lise as have established the 


ping 


character of the normal premature 


fundus and a constant pattern of changes 
of These 


in their ordet of development, plus 


typical retrolental fibroplasia 
change 
i tendency to regress, seem to constitute the 


patho nesis of the disease 


Metiiops 


\ll infants weighing less than 1,650 gm 
to the 


on admission or 
the New York Hospital-Cornell University 
lical 


ophthalmoscopt 


premature nursery 
routine serial 
The 
examination was usually made prior to the 
the 


Center were given 


examinations initial 


removal of the infant from incubator, 


ind subsequent examinations were carried 


out at weekly intervals during hospitaliza 


tion. After discharge, pn rioadic examinations 


were made in a special follow-up clinic. In 


infants over the age of six months, when 


ated, exXammations under anesthes:a 
were performed 
bull 


hon atropine 


vdriasis was effected with one-per 


hvdrobromide solution in 


25 percent buttered oph 


cent 


comm 


mnation wath 


Ne Ww 


Center 


M.D., 


) 


AND Witttam E. Laurus, M.D 


‘ork 


thalmic phenylephrine hydrochloride solution 
(neosynephrine ). 

Excellent cooperation was obtained from 
of 


by a standard rubber 
nipple stuffed with cotton saturated with 


the infants means 
five percent dextrose solution. 

On admission to the premature nursery, 
all infants were routinely placed in an in 
cubator, usually of the Gordon-Armstrong or 
Isolette Use of the 
constant temperature and humidity regula 


types incubator with 


tion and high oxygen concentration was 
maintained until the infants weighed 1,500 
gm. or demonstrated no further need for its 
continuance 

After an initial fasting period of 12 to 24 
hours, the infants were given small feed 
ings of five-percent dextrose solution at in 
tervals of three hours for the next 12 hours. 
Thereafter, all infants received a formula 
diluted, 


skimmed cow's milk reénforced with dextri 


consisting of powdered, partially 


rialtose Shortly before discharge, a stand 


ard dilution of evaporated milk with added 
dextri-maltose was substituted for the above 
formula. 

\ll infants were routinely given four mg 
(menadione) intramuscularly 
ral 
daily, was usually begun on the seventh or 


Alternate 


soluble vitamin-D prepara 


of vitamin K 


on admission ascorbic acid, 


eighth dav of life infants re 


ceived a wate 


tion (drisdol); the remaining infants were 
A and D in 
all but 10 infants 
mg. three times dail 
acetate (ephynal acetate) beginning with the 


rhe 


aqueous 


given vitamins an alcohol base 


In addition, received 


vitamin EF, 50 Five 


infants were given alpha tocopherol 


first sign of fundus abnormality re 


maining 92 infants received an 


dispersion of dl alpha tocopherol acetate 
commencing with the first feeding 


~ 


ia 
; 
| 
if ty 

Dey riment Survet pl tha! 
molog the Department of Pediatrics, Hl 
Vork Hospital-Cornell University Medical 
study w pported in part by a from Ei 
he Playtex ark Research Institut 
FOwens, WoC, and Owens, Retrolental 
tat 
32-1 (lan) 1949 
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This medication was continued until ex- 
had the 


fundus to be normal or to have consistent 


aminations conclusively shown 
irreversible pathologic changes. High serum 
tocopherol levels were found in all instances 
when the determination was made. None of 
the infants was supplemented with iron in 
any form. Blood transfusions were adminis- 


tered when indicated by anemia 


RESULTS 


(of 107 infants under observation, 9O ex 
hibited normal fundi on the initial examina- 
and 42 of 


throughout all subsequent examinations. In 


tion, these continued normal 
these infants, the normal premature fundus 
differed fundus in 


three major respects : 


from the normal adult 


1. The optic dise was homogeneously pale, 
without its usual complement of nutrient 
vessels, 

2. The foveal region, and particularly the 
macula, appeared underdeveloped, being dif- 
ferentiated mainly by location and by a 
deeper red color from the surrounding retina. 

3. The periphery of the retina consistently 
demonstrated a pale, nonelevated, transient 
gray or white zone, most marked in dark- 
complexioned infants. 

Qn the first examination, prior to removal 
from the 
venous caliber increase and arterial tortuosity 


incubator, 17 infants showed 


of the retinal vessels. In addition, three of 
these 17 infants had preretinal or vitreous 


hemorrhages. Venous-caliber increase and 


venous and arterial tortuosity were later 


additional 48 
In 54 infants, these early signs were fol- 


demonstrated an infants. 
lowed by preretinal or retinal hemorrhages. 
In 19 of these 34 infants, no further progres- 
sion of the disease was seen and the retinas 
returned to normal. The remaining 35 in- 
fants subsequently developed replacement of 
the preretinal or vitreous hemorrhages by 
detach- 


angiofibrous proliferation. Retinal 


ments followed in 27. 
It is interesting to note that in only one 


infant were angiofibrous proliferation and 


retinal detachment observed without an 


tecedent hemorrhage. Prior to an unavoid- 


able lapse of 18 days in our observations he 
marked 


quently he exhibited angiofibrous prolifera- 


exhibited vessel changes. Subse- 
tion and early retinal detachment. 

Only seven of the infants with retinal de 
tachments regressed spontaneously. The re- 
maining 21 retained permanent changes con 
stituting retrolental fibroplasia in its com- 
plete or arrested form. 

Bilateral complete retrolental membranes 
formed by fusion of the folds of a com- 
pletely detached retina behind the posterior 
surface of the lens were observed in seven 
infants. The condition in the other 14 in- 
fants was arrested, without regression, at the 
stage of severe retinal detachment and these 
detachments were retained as residuals of 
the disease. 

From these observations we feel that the 
pathogenesis of retrolental fibroplasia may be 
described in five main stages : 

1. A vascular stage consisting of venous- 
caliber increase and venous and arterial tor- 
tuosity. 

2. A stage of hemorrhage usually consist- 
ing of preretinal (subhyaloid) hemorrhages. 
In many instances, these preretinal hemor- 
rhages extend into the vitreous. 

3. A stage of organization of the hemor 
rhages with the formation of fibrous bands 
and neovascularization. 

4. The stage of retinal detachment, the 

VESSEL CHANGES ANGIOFIBROUS PROLIFERATION 


PRE-RE TIAL HEMORRHAGE [) RE DETACHMENT 
@ RE TROLENTAL PIBROPLASIA 


20 


1650 GMOR< 1000 GM.OR< 1000-(36/GM. (362-1650 GM. 
wr, ALL 107 18 44 45 
INFANTS 


1 (Bousquet and Laupus). Relation of 


fundus changes to birth weight. 


ca FRANKLYN P. BOUSQUET, IR, AND WILLIAM EF. LAUPUS 


elevations usually beginning at the zone of nations of the prothrombin time in 11 of the 
transition where the central retina ap- 54 infants with intraocular hemorrhage 
pears normal and the peripheral retina is ranged from 64 percent to more than 100 
pale. In this site preretinal hemorrhages and percent of adult normal. Platelet counts on 
subsequent angiofibrous proliferation appear the same infants were similarly within nor 


to have a serious prognostic importance, mal! limits 
5. The final stage of fully developed retro Late sequelae, such as microphthalmos, 


lental fibroplasia with retrolental membranes posterior synechias and/or flat anterior 


formed by fusion of the peripheral folds of | chambers, glaucoma, and other secondary 


detached retina, and adherence of this mem- changes are not considered in this report. 

brane to the posterior surface of the lens. Certain, as yet unanswered, questions arise 
Spontaneous regression is a prominent fea- in view of these observations. 

ture of the disease and was observed in all Why is the vascular process limited, if it 


stages except that of complete retrolental is limited, to the retinal vessels? Why is the 

membrane formation. Of 65 infants exhibit- small premature infant more susceptible to 

ing pathologic ophthalmoscopic signs, only _ retinal hemorrhagic disease ? 

21 eventually developed retrolental fibro What role, if any, do the newer techniques 

plasia, and 44 ultimately exhibited normal for preserving the lives of these premature 

fundi. infants play? Is the length of stay in the in- 
Of the infants in whom the process halted — cubator, the oxygen concentration of the in- 

short of its usual severe finale but failed to cubator air, or the duration of oxygen ther 

regress, several exhibited peculiar retinal apy of any importance? 

folds not unlike so-called congenital retinal Does the diet, including vitamins other 

folds or septa, Others exhibited peripheral than vitamin E, have any relationship to the 

fibrous strands and retinal detachments, disease? 

which in their present state do not preclude Will pituitary adrenocorticotropic hor 

good vision, but remain as a constant threat. mone (ACTH) live up to its early promise 
Neither persistence of the hyaloid artery — in the treatment of this disease ? 

tunica vasculosa lentis system nor “retinal Must retrolental fibroplasia be regarded 

exudation” was observed in any of the sub- as a necessary concomitant to the increased 

jects. survival rate of the small premature infant ? 
Evidence of bleeding into the skin, the We are at present engaged in evaluating 

subcutaneous tissue, and the visceral organs some of these factors. 

was absent im all infants. Fourteen determi 525 East OXth Street (21) 


Discussion 


De Frevertck H. Vernorrr (Boston): 1 an fibrovascular sheath of the lens and noted that it 
not going to discuss this particular paper because, was the first case of the kind that I had ever seen 
while IT have some ideas on the subject, my evi in a premature infant and also the first bilateral 
dence is too inconclusive for me to say anything case. It had characteristics that I had heretofore 
thout it; but | think vou might be interested iv found to be quite conclusive—fingerlike processes 
some comments on the history of this condition at the periphery coming out of this tissue behind 

You know that Dr. Terry was the first one to — the lens 
establish the fact that this disease of premature in \ day or two later Dr. Chandler called me up 
tants is an entity, but you probably do not know and said he wanted me to come over to the hos 
what caused him to begin this study and also wh pital to see a patient that Dr. Terry was about t 
it was who was responsible for his being wrong operate upon for congenital cataract. This case 
in bus ideas as to the nature of the condition showed exactly the same features as the other case 

The patient in the first historically important Here were two cases, both in premature infants 


case of this kind was referred to me by Dr. Paul and both bilateral seen within 48 hours. This was 
Chandler, on the question of whether it was a case the beginning of the story of retrolental fibro- 


of retinoblastoma. | made a diagnosis of persistent — plasia 


- 
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Dr. Chandler and Dr, Terry unfortunately ac 
cepted my explanation of the condition, and Dr. 
Terry never did find out that I was completely 
about it. He died without knowing that 
the condition was not persistent fibrovascular 
sheath. He didn’t like this name so he devised the 
term fibroplasia.” I didn’t like that 
name because I thought the other was better, al 
though not perfect for the supposed condition 

We still have the name “persistent fibrovascular 
sheath” but now it does not mean the same thing 
as retrolental fibroplasia must have some 
name tor this condition, we well call it 
retrolental fibroplasia until we know more about it 

Dr. Heath will now open the discussion of the 
paper, 


wrong 


“retrolental 


since we 


may as 


Dr. Parker Hearn (Boston): The subject of 
retrolental fibroplasia has had many reports from 
clinical studies but relatively little has been re 
ported its pathology or its histopat! until 
comparatively recently. Dr. Algernon Reese has re 
ported early examples of several cases and Frieden 

also reported 


ology 


Owens have 


disease 


wald and Owens and 
on the early stages of this 

I think the fundamental findings 
that are of value have to come from the early 
stages, because the late manifestations of the 
disease are nonspecific. What are the early find- 


morphologic 


ings? There may be some disagreement in detail 
but I think that, by and large, the early 
reported by the doctors mentioned, and also from 
our laboratory, are fairly well in agreement 

The early stages seem to be the formation of 
neovascular tissue in the retina at the ora. With 
this there is, as an this, a certain 
amount of edema and this edema is exaggerated 
in some cases disrupting the tissue and fc reing it 
part. It occurs in a zone of the eve which is 
shown 


Stages as 


antecedent to 


greatest growth apparently and has 
and the 


found 


the greatest variability in cellular activity 


least differentiation. These changes are not 
elsewhere in the retina in the early cases 

rhe hemorrhage, as such, in earliest stages does 
not seem to be particularly significant. Hemorrhage 
is an incident in the being-bort ever) 
infant, subject to the moulding of the birth canal 
These hemorrhages are nonspecific, random in dis 
position, and are readily absorbed; but this is not 
true of the hemorrhage when it does occur in the 
ora in connection with a heavy protein-rich edema 

We have found that neovascular tissue at the 
ora in excessive degrees extends into the vitreous 
It is only when the vitreous becomes involved that 
the process goes on to one of its subsequent 
sequelae, such as the retraction syndrome at the 
nervehead, formation of retinal stalks, or 
tion of the retina. So, we think that the 
changes are due to some vascular leak associated 
with vascular proliferation, at the moment of un- 
known etiology. This occurs at the ora primarily 
and those changes which are seen later clinically, 
with the ophthalmoscope, are mostly secondary 
manifestations as the result of the organization of 
the vitreous. 


process of 


separa 
earliest 


The last stages of this disease are variations in 
the pathology of repair and atrophy. 

If the earliest stages, then, are only seen micro- 
scopically, and I believe this is the case, I think 
that the investigations of the future are going to 
be concerned with vascular permeability and pro- 
liferation in prematurity controlled by histopatho- 


logic methods. 


Dk. Farts (Ann Arbor, Michigan) Re 
cently we have undertaken some embryologic studies 
on the five-to-six-month-old fetus eye, particularly 
devoted to the pars ciliaris. This zone undergoes, 
during this period, rather rapid differentiation as 
has already been emphasized by Dr. Parker Heath. 
The ciliary body is incompletely developed, as well 
as its blood supply. It is most interesting to note 
that the peripheral retina lays over the pars ciliaris 
it this stage of development 

It is, consequently, my belief that  retrolental 
fibroplasia is the result of an uncontrolled neo 
vascularization of the retina provoked by the under 
lying undeveloped ciliary body, the neovasculariza- 
tion of the retina being an attempt to supply the 
unprepared ciliary body with its needed oxygen and 
nutrition that it cannot supply itself. 


Dr. Jonas S. Frrepenwatp (Baltimore): | 
would like to agree with Dr. Parker Heath in his 
lescription of the early stages of the disease and 
try to make somewhat more specific the particular 
question which the essayist has raised as to the 
role of hemorrhage in the development of the in- 
traocular lesion 

As Dr. Heath has pointed out, there are several 
sets of eyes that have been examined at an early 
age, in the early stage of the disease, when the 
disease process is still limited to the retina, and 
i characteristic lesion was found in eyes 
characterized by intense capillary proliferation in 
tufts and globular We have to ask our- 
selves, in the first place, do hemorrhage and edema 
occur in relation to these intraretinal stages of the 
disease and, if so, do they precede or follow this 


those 


masses 


vascular proliferation ? 


In our series, we have found a limited number 
t munute capillary petechial hemorrhages in the 
retina im these early stages but we have not been 
able to convince ourselves that either the retinal 
hemorrhages or the retinal edema necessarily pre- 
cede the capillary proliferation. They may, but it 
is extremely difficult in histologic sections to tell 
what comes first and what comes second 

In a later stage of the disease, the blood vessels 
begin to proliferate from the retina into the 
vitreous. In that stage, in our series, we find quite 
uniformly the presence of hemorrhages in the 
vitreous, and that is, I think, in strong agreement 
with the clinical findings presented in the present 
paper and suggests quite strongly that these hemor- 
rhages perhaps from diseased vessels in the retina 

no doubt from diseased vessels in the retina— 
are responsible for the proliferation into the 
vitreous, 

In a discussion of the paper which we presented 


JOHN W 


last week at the American Oplithalmological So 


ciety, Dr. Reese made, I think, a very astute pomit; 
namely, that the blood vessels which come out ot 
the retina into the vitreous and form a pretty 


of retinitis proliferans, do 
from those specific areas in 
abundant capillary pro- 


existed or where it is 


characteristic 

not necessarily 
the retina where 
previously 


picture 
arise 
the most 
liferation has 
simultaneously found 
hi that, in addi 
leads to the 
retina, extra 
arise in the disease to account for the 
liferation from the retina into the 
processes may be quite clearly 


Consequently, one assume 


tion to whatever the factor is that 
capillary proliferation the 
factor has t 
capillary pr 
The twe 


some 


vitreous 
connected 

It may be that, from these diseased retinal pro- 
liferating capillaries, hemorrhages break into the 
wherever the vessel is 


vitreous and that, from 


PATTERSON 


closest to the hemorrhage, proliferation takes plac« 
into the vitreous, not necessarily related to the 
preexisting retinal capillary proliferation 

That makes the thing somewhat more complicated 
but also would help to explain the fact that some- 
thing rather radical happens in these cases up to 
the time of preretinal hemorrhages and preretinal 
Before that the disease is 
After that has hap- 
involved, 


vascular proliferation 
self-lumited and can regress 
much more 


pened, a severe 


generally leading to permanent damage 


process 


Dre. Franktyn P. Bovusover (closing) 
would like to thank the discussers for their kind 
words, There is one point that perhaps I did not 
make quite clear in the paper, that these were not 
birth hemorrhages. In all but one instance, the 
fundi showed no hemorrhage on initial ophthalm« 
scopic examinations 


DEVELOPMENT OF DIABETIC CATARACTS* 


Joun W. Parrerson, M.D. 
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In treating a diabetic patient today, inter- 
est centers around the complications that are 
associated with or result from the diabetes. 
(ine of the complications of diabetes is 
cataract. Because of its appearance, diabetic 
cataract is also known as snowflake cataract. 
It occurs in young diabetics and is almost 
always bilateral 

Although snowflake cataract is the typical 
cataract found in young diabetics, it is not 
limited to this disease. The cataracts result 
ing from parathyroid deficiency, scleroderma, 
and myotonic dystrophy are reported to be 
indistinguishable from those found in young 
chabeties.' 

In recent surveys of young diabetic pa- 
tients, cataracts have been found in three to 


> This rela 


lo percent of those examined.' 
tionship of cataract to diabetes has also been 
observed in the experimental animal.* ° 

If one wishes to study the mechanism by 
which diabetic cataracts are formed, it 1s 
necessary that the work be done on animals 
so that conditions may be carefully con 
trolled 


mals by 


Diabetes may be produced im ani 


surgically removing the pancreas, 


Anatomy, School of 


miversity 


* From the Department of 


Medicine, Western Reserve 


which is not a simple procedure, or by the 
injection of diabetogenic drugs. 

Dunn, Sheehan, and McLetchie® discov- 
ered, in 1943, that the injection of alloxan in 
animals selectively destroyed the beta cells of 
the islets of Langerhans with resultant dia 
betes. This procedure not only is simple but 
it also has the advantage of not destroying 
the alpha cells of the islets and the acinar 
tissue of the pancreas. Since the secretion 
of the alpha cells influences carbohydrate 
metabolism by producing a hyperglycemic 
factor, it is desirable to maintain these cells 
so that the resulting diabetes will be more 
like that found in humans. 

More recently, it has been demonstrated 


that the reversibly oxidized form of vitamin 


C, dehydroascorbic acid, produces a diabetes 


similar to that which follows the injection 
of alloxan.’ The rats used in this study had 
diabetes which was produced by the injec 
tion of these drugs. 

Before studying the mechanism of diabetic 
cataract formation, it is necessary to know 
something about the normal occurrence of 
cataracts in This deals 
largely with this phase of the problem, and 
the sever- 


diabetes. report 


is an attempt to relate two things 
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ity of diabetes and the time required for 
cataract formation. 
Diabetes 


glucosuria, polyphagia, polydipsia, hyper- 


is characterized by polyuria, 
glycemia, and the failure to gain weight. 
These signs of diabetes vary with the 
SCVE rity of the disease and roughly parallel 
each other.” Any one of them might, there- 
fore, be selected as a basis for quantitating 
the severity ot diabetes 

The hyperglycemia of diabetic rats varies 
slightly from week to week but, when these 
variations are deémphasized by averaging 
the blood-sugar values at four-week inter 
vals, the hyperglycemia is relatively constant 
for months. 

This fact is particularly striking when the 
results obtained on 17 rats are incorporated 
in a single graph. Over a period of seven 
months the blood-sugar values fell between 
300 and 400 mg. per 100 ce. of blood (fig. 1). 
The average of many weekly blood-sugar 
values on a single rat theretore serves as a 
useful measure of the severity of diabetes. 

Diabetic cataracts in rats develop through 
certain stages. At first vacuoles are observed 


around the periphery of the lens. Later fine 


crystalline opacities develop centrally, and 


still later the lens becomes opaque. The last 
of these changes is readily seen in the albino 
rat with the unaided eye. If the eyes are ob- 
served at weekly intervals this change is defi- 
nite and serves as a good end-point for de- 
termining the time required for cataract 
formation. 

Certain qualitative observations have been 
made regarding the relationship of the sever 
ity of diabetes to the time of cataract oc- 
currence. Those rats with high blood-sugar 
values developed cataracts in eight to 10 
weeks and both eves were involved at ap 
proximately the same time. Those rats with 
low blood-sugar values developed cataracts 
more slowly and the lesion was sometimes 
unilateral or developed in the second eye 
only after several weeks had elapsed. 

In order to obtain a more quantitative re- 
lationship between the severity of diabetes 


(MG PER 100 ce) 
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and the time required for cataract formation, 
a spot diagram was made with these two 
plotted other 
(fig. 2). The points were not arranged in a 
but type 


characteristics against each 


straight line followed some ot 


curve. 


HYPERGLYCEMIA 
OEHYOROASCORE «ACO 
TYPE OF OABETES 
(AVERAGE OF RATS) 


wEens 
Fig. 1 (Patterson). Over a period of seven 
months the blood-sugar values fell between 360 and 
400 mg. per 100 cc. of blood. 


After trying to fit several common curves 
to the points, it was found that a hyperbola 
gave the best fit. 
mined hyperbolas enclosed 90 percent of 


Two empirically deter 


the points on the graph. With the aid of the 
biostatisticians a mean hyperbola was calcu 
lated by the method of least squares. This 
method gives equal weighting to each point in 
arriving at the final equation. 
The calculated equation was 
1,276, where x and y represent 


(x—5.7) 
(y—225) 
the time in weeks and the blood sugar in 
mg./100 ce. of blood respectively (fig. 3). 
This equation indicated that cataracts should 
not appear before the week ending on day 
40 and should not occur with blood-sugar 
values of less than 225 mg./100 cc. because 
these were the limiting values which the 
curve approached along each of the axes. 

The time required for diabetic cataract 
formation was thus related to hyperglycemia. 
If these cataracts were due to the diabetes 
and independent of the diabetogenic agent 
used, then insulin should prevent cataract 
formation. 
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Rats with blood-sugar values between 400 
and 000 mg. LOO) 
blood-sugar tests during the second week of 


, as determined by four 


diabetes, were given daily injections of pro 
tamine zine insulin. To obtain blood-sugar 
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relating the 


and time required for cataract 


2 (Patter 


severity ot 


liabetes 


100 ce. 24 hours after 


the last injection of insulin, it was necessary 


values below 250 mg 


to give 10 to 12 units per kg. per day. 
Control rats with blood-sugar values in 
the same range developed cataracts in 10 
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ROOD WEAF 
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wrens 


showing relation 
time required for 


3 (Patterson). Diagram 
ship between hyperglycemia and 


cataract tormation 


deviation of 2.1 
had 
clear lenses, as seen with the ophthalmoscope, 


weeks with a= standard 


weeks. Insulin-treated rats, however, 
six months after alloxan was injected to pro- 
duce diabetes (table 1) 

The 


cataract formation was 


diabetic 


This 


sugar for 


od 


minimum 
mg./100 ce. 
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merely indicates that the diabetes must be 
of this 
However, it is interesting to note that this 


the 


severity before cataracts develop. 


value is approximately that at which 


TABLE 1 
EFrect OF INSULIN ON DIABETIC 
CATARACT FORMATION 


Controls Insulin 


Number of rats 13 7 


\verage blood sugar, 
mg. /100 464 494 
Cataracts, weeks 10+2.1* None at 
27 weeks 


* One standard deviation. 


renal tubular reabsorption mechanisms for 
glucose become saturated. 

Galactose cataracts are morphologically 
the same as diabetic cataracts.” In order to 
produce these cataracts, galactose must be 


spilled in the urine."® " This again indicates 


a saturation of the tubular reabsorption 
mechanisms of the kidney. These facts poimt 
tothe kidney as a possible factor in the etiol- 
ogy of diabetic and galactose cataracts. 

It is not difficult to postulate a mechanism 
whereby the kidney may be involved. Com 
mon enzyme pathways for tubular absorp- 
tion are known to exist. For instance, the 
reabsorption not only of glucose but also 
galactose and xylose, the other sugars ca 
pable of producing cataracts, is prevented by 
the metabolic poison, phlorizin.'* 

If some other essential metabolite shares 
a common pathway with these sugars and 
the pathway is saturated by one of these 
sugars, then this metabolite will not be re 
absorbed but will be lost in the urine with a 
resultant deficiency. 
riboflavin,'* 
and parathyroid hormone,"’ are 


Deficiencies — of amino 


15, 16 


at ids, 
known to cause cataracts. Riboflavin is not 


TABLE 2 


SERUM INORGANIC PHOSPHORUS mg./100 cc. 


Normal rats (10) 
Diabetic rats with cataracts (5) 
P<0.0001 


* One standard deviation 
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depleted abnormally rapidly in diabetics’? 


and, although amino acids are lost excessively 
in uncontrolled diabetes,’ *° the fault does not 
lie in the kidney since the blood level of 
amino acids is also raised.*° 

The 


parathyroid hormone produces its effects is 


biochemical mechanism by which 
not known, but it is known that the loss of 
this hormone produces marked changes in 
calcium and phosphorus metabolism. Dia- 
betes also alters calcium and phosphorus 
metabolism. 

Following the production of diabetes, the 
serum alkaline phosphatase increases and 
may rise to three times the normal level.” 
Although the serum inorganic phosphate 


level is normal at first it is definitely de- 
creased at the time cataracts occur (table 2). 

These changes in diabetes are suggestive 
of rickets. The cataracts of rickets, how- 
ever, are better correlated with signs of 
parathyroid deficiency, such as tetany and 
hypoplasia of the teeth, than they are with 
rickets.** The parathyroid glands of chronic 
diabetic patients®’ and animals** have been 
described as being small and degenerated. 

These relationships of diabetes to para- 
thyroid deficiency, plus the fact that they 
produce morphologically similar cataracts, 
suggest that they may result from a common 
metabolic deficiency. 
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DISCUSSION 


Dr. Lupwic von SALLMANN (New York) : First, 
I would like to know the particular technique which 
Dr. Patterson has used to produce the alloxan cata- 
ract in rats. Secondly, I should like to ask him 
about the statistical validity of his findings, es- 
pecially in regard to the mathematical correlation 
of the levels of sugar in the blood and the onset 
of the cataract. 

Dr. Patterson referred to the similarity of the 
alloxan cataract to that produced by galactose. Dr. 
Dische and Miss Borenfreund of our Research 
Department have worked on this type of cataract 


and I was permitted to examine the eyes of these 
rats biomicroscopically. I hope that Dr. Dische 
will be able to say a few words about his results. 

The observations on galactose cataract are in 
agreement with the description given by Dr. Patter- 
son on the alloxan animals in respect to the ap 
pearance of vacuoles in the anterior cortex and 
especially at the periphery of this portion of the 
lens. However, there were great differences in the 
appearance of the cataract between the right and 
the left eye in many animals and there was no 
clear correlation of the galactose level in the blood 
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with either the onset nor the severity of the cata- 
ract. 

Dr. Patterson referred to these differences be- 
tween the right and the left eye of individual 
animals in the group in which the glucose level 
was low. I wonder whether he would express his 
opinion on the cause of this difference. 

Dr. Patterson spoke of the lowering of the level 
of the inorganic phosphorus in the blood of the 
alloxan animals and suggested that this change in 
the mineral content has something to do with the 
formation of the cataract. May I ask whether the 
content of inorganic phosphorus was determined in 
the lenses of these rats? 


Dr. Davin Cocan (Boston): I would just like 
to note some minor differences of opinion or inter- 
pretation which in no way mitigate against Dr. 
Patterson’s general thesis. First, his statement that 
the cataract in myotonia and in hypoparathyroidism 
are similar to the snowflake type of cataract in 
the young diabetic. 

I am certainly limited in the number of observa- 
tion which I have had occasion to make—I don’t 
suppose I have seen more than a dozen hypopara- 
thyroid cataracts and probably not more than half 
a dozen cataracts in myotonia, but I have the im- 
pression they are distinctly different. 

Those in myotonia and hypoparathyroidism 
seem to me to be cataracts that, in their early stages, 
consisted of subcapsular minute rods, some of them 
brownish, and little dots and quite different from 
the coarse snowflakes which occur in the young 
diabetics and which are seen not only immediately 
subcapsular but for a millimeter or two into the 
cortex. I would be interested in having Dr. Patter- 
son straighten me out on this. 

The other minor discrepancy in my understand- 
ing and his is the suggestion that these cataracts 
are like hypoparathyroidism in the fact that the 
phosphate is lower. It is my understanding that the 
serum phosphate is elevated in hypoparathyroidism 
and calcium is lowered ; indeed if I cite the Albright 
thesis properly, the renal sparing of phosphate is 
the prime cause of the calcium disturbance ; that is, 
there is an excess of phosphate rather than a de- 
ficiency in hypoparathyroidism. 


Dr. Joun W. Patterson (closing). First to 
answer some of the questions raised by Dr. von 
Sallmann: The technique used for the production 
of alloxan diabetes was the intravenous injection 
of 40 mg. per kg. of alloxan monohydrate. 

I do not know of a statistical method by which 
one can prove that a particular curve is correct. 
One may measure the distances of the various 
points from the proposed curve and calculate their 
standard deviation. If this is done for several com- 
mon curves then the curve with the lowest stand- 
ard deviation may be chosen as the best fit. The 
equation for this curve is then a first approxima- 
tion for describing the relationship existing be- 
tween hyperglycemia and the time required for 
cataract formation. 


We have suggested that galactose cataracts may 
result from the same etiologic factors that are 
involved in the production of diabetic cataracts. In 
partial support of this thesis, it has been pointed 
out that the morphology of galactose and diabetic 
cataracts is the same. 

This statement is based on the literature and not 
on personal experience. Dr. Buschke at one time 
presented a classification of cataracts in rats. This 
classification was based on morphology and galac- 
tose and diabetic cataracts were grouped together. 

As Dr. von Sallmann has pointed out, there is 
some variation in the morphology of developing 
galactose cataracts. This is also true of diabetic 
cataracts. However, it would seem that galactose 
and diabetic cataracts are sufficiently alike so that 
one may postulate a similar etiology. 

As to the unilateral development of cataracts, | 
feel that this is probably a matter of degree. Al- 
though a cataract may mature in one lens first, the 
second lens is not free from change. Ophthalmo- 
scopic examination of the second lens will reveal 
that a cataract is also developing there but at a 
slower rate. Why there should be this variation 
between eyes I do not know. Either the right or 
left eye may be the first to develop a mature cata- 
ract. I suppose that we would have to say that it 
is a matter of biologic variation. 

I have not done phosphorus levels in the lens. 

In response to Dr. Cogan’s question I must 
again fall back on the literature. In a paper by 
Waite and Beetham the statement is made that the 
cataract of juvenile diabetics is indistinguishable 
from that found in parathyroid deficiency, sclero- 
derma, and myotonic dystrophy. I have not had any 
experience with these cataracts. However, allowing 
for certain variations, it would seem that they are 
enough alike morphologically to suggest that they 
may have a common etiologic basis. 

Dr. Cogan is perfectly correct in pointing out 
that the serum phosphorus is high in parathyroid 
deficiency, whereas, in our rats the serum phos- 
phorus was low. This low value for serum phos- 
phorus which follows an increase in the alkaline 
phosphatase is suggestive of rickets. 

Animals with rickets may develop cataracts. 
However, as Dr. Bellows has brought out in his 
book on Cataracts and Anomalies of the Lens, the 
cataracts associated with rickets are better corre- 
lated with the signs of parathyroid deficiency, such 
as tetany and hypoplasia of the teeth, than they are 
with rickets per se. Thus, although the serum 
phosphorus levels are different in rickets and para- 
thyroid deficiency there must be other factors that 
are common to both conditions. 

It is thought that the low serum calcium which 
is associated with parathyroid deficiency as well 
as with certain stages of rickets may be the com- 
mon factor that is responsible for cataract de- 
velopment. It is interesting to note that cataracts 
are frequently associated with healing rickets. At 
this time, calcium is being taken up by the skeleton 
and the serum level may become quite low. 
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The fundamental mechanisms involved in 
the recovery from bacterial conjunctivitis are 
not well understood. These superficial infec- 
tions occur in a tissue where there normally 
exists a mixed bacterial population; and 
they are very rarely associated with signifi- 
cant deeper tissue invasion. 

Shigella infection of humans (bacillary 
dysentery) is quite similar to bacterial con- 
junctivitis in these two basic and important 
respects. In this disease, recent studies’ 
have suggested that the usual mechanism of 
antibody formation is not important in the 
recovery or resistance processes. 

Other observations*® have revealed that 
many strains of microorganisms normally 
living in the intestinal tract are capable of 
producing antibiotic substances. Surprisingly 
large numbers of such strains have been 
found, and very high percentages of individ- 
uals carry them. In several instances, the en- 
tire course of dysentery infections have been 
followed.*° 

In these patients, striking increases in the 
concentrations of such antibiotic-producing 
organisms were found to occur within sev- 
eral days after the onset of the infection. In 
addition, in survey observations, individuals 
found to be infected with Shigella organisms 
were more likely to be carrying antibiotic- 
producing coliform strains. These data, and 
others, therefore suggest that antibiotic-pro- 
ducing bacteria in the intestinal tract may 
play a role in the recovery from dysentery 
infections. 

Because of these observations, and the two 
basic similarities between bacterial conjunc- 
tivitis and the intestinal infections already 


pointed out, it was felt of importance to 


*From the Departments of Ophthalmology and 
Bacteriology, Columbia University College of 
Physicians and Surgeons, and the Institute of Oph- 
thalmology, Presbyterian Hospital. 


ANTIBIOTIC-PRODUCING BACTERIA OF THE OCULAR FLORA* 


Seymour P. Havpsert, M.D., ano Lots S. Swick, B.S. 
New York 


carry out studies designed to reveal whether 
phenomena analogous to those described as 
occurring in the intestinal tract, also occur 
in the ocular flora. 

Since staphylococci are among the most 
constant organisms of the eye flora, observa- 
tions indicating that some strains of the 
staphylococcus family can produce antibio- 
tics’ lent support to this possibility. 

The following report is concerned with 
preliminary observations as to the existence 
of antibiotic-producing organisms in the 
conjunctival and lid flora of humans. 


MATERIALS AND METHODS 


The patients examined in this study were 
inmates of Letchworth Village, a New York 
state institution for the feebleminded.? They 
were all adult males, and resided in two 
cottages. Approximately one half of the pa- 
tients of each group had conjunctivitis at the 
time of examination. 

Combined cultures of the conjunctivas and 
lids of the left eyes were obtained with 
sterile swabs moistened with proteose-pep- 
tone No. 3 (Difco) broth. These were 
streaked onto four plates containing either 
proteose No. 3 agar (Difco), five-percent 
human plasma agar or five-percent human 
blood agar made with the same medium. The 
inoculations were made so that one area of 
each plate would be likely to show rather dis- 
persed growth. 

All of the cultures were incubated at 37°C. 
for 24 hours. At this time, sample colonies 
were picked to fresh media, and the numbers 
of each morphologic type estimated. The 


+ The authors are deeply indebted to Dr. Harry 
C. Storrs, director of Letchworth Village for his 
generous cooperation in making the patients availa- 
ble for study. Grateful thanks are also given Dr. 
L. von Sallmann, Dr. R. L. Wiggins, and Dr. D. 
Locatcher-Khorazo for assistance and advice con- 
cerning the clinical aspects of this problem, 
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Fig. 1 (Halbert and Swick). Staphylococcus 
albus No. 7-6 spray-seeded onto blood agar after 
48-hour incubation of original inoculum from one 
patient. The arrows point to highly active antibiotic- 
producing organisms. 


Fig. 2 (Halbert and Swick). The same procedure 
as described in Figure 1 carried out on plasma 
agar from the inoculum from another patient. The 
arrows point to slightly active antibiotic-producing 
organisms. 


Fig. 3 (Halbert and Swick). The same procedure 
as described in Figure | carried out on plasma 
agar from the inoculum from a third patient. The 
arrows point to slightly active antibiotic-producing 
organisms. 


cultures were then further incubated at 
37°C. for 24 hours, and the specimens of 
each patient were then divided into groups 
of two each. 

The surfaces of these plates were then 
sprayed with broth suspensions of either of 
two strains of staphylococci isolated from 
this same group of patients. They were 
found in preliminary tests to be susceptible 
to these types of antibiotic-producing or- 
ganisms. The two strains most commonly 
used were No. 7-6 and No. 15-1, which have 
been tentatively identified as a Staphylococ- 
cus albus and a Staphylococcus aureus, re- 
spectively. 

The method used in spraying this indicator 
culture inoculum was a slight modification of 
that described by Stansly.** After spray seed- 
ing, the plates were further incubated at 
37°C. for another 24 hours, and then ex- 
amined for the presence of colonies which 
were surrounded by inhibition zones. When 
such antibiotic-producing organisms were 
noted, estimates were made of the number 
of active and nonactive strains in the area 
of the plate where only well-isolated colonies 
were present. 

Samples of the active strains were then 
re-picked onto fresh medium, and later re- 
tested for inhibitory activity against the same 
susceptible indicator strains by the simul- 
taneous inoculation method on proteose No. 
3 agar (Difco) used in other studies.” 

Only those that were active by this tech- 
nique were included in the final tabulations. 
In some instances, random samples of 20 
organisms were picked from the original 
plates after 24 hours, and later retested by 
the simultaneous technique already de- 
scribed. 

RESULTS 


Significant numbers of antibiotic-produc- 
ing organisms have been found in the eye 
flora. In many respects, the observations are 
analogous to those noted in the gastro-in- 
testinal tract. The type of results to be seen 
on the original plates after spray seeding 


= 

ve 
it 
o~ 
| 


ANTIBIOTIC-PRODUCING BACTERIA 


with the indicator strains are shown in 
Figures 1, 2, and 3. 

It may be seen in these that some strains 
produce large clean-cut zones of inhibition 
under these circumstances, while others pro- 
duce smaller, often rather poorly defined 
zones. It is of a good deal of interest to note 
that often strains 
colonial differences from neighboring 
colonies that do not produce antibiotics. 
Similar lack of such differentiation was noted 
among the coliform flora of the intestinal 
tract.’ 

When these active organisms are replanted 
to fresh medium, and examined by the simul- 
taneous inoculation method with the same 
indicator strains, the differences in the types 
of activity are more clearly apparent. Some 
strains produce large clean-cut zones of 
complete inhibition; others produce small 
clean-cut zones of complete inhibition ; others 
produce varying-size zones of different de- 
grees of partial inhibition; and others pro- 
duce no change at all in the surrounding 
colonies. 

Examples of these types of results are 
shown in Figure 4. Organisms No. 146-7 
and No. 145-10 produced complete inhibi- 
tion of growth up to 6.4 mm. from the edge 
of the active colony when tested against 
Staphylococcus aureus No. 15-1. Strains No. 
110-6 and No. 81-5 showed complete inhibi- 
tion zones of about 3.0 mm., while No. 133- 
3 and No. 121-6 showed very small zones 
of partial inhibition. 

In Figure 5, are shown several examples 
of other types of partial inhibition that have 
been noted. Strains No. 266-6 and No. 269-5 
when tested against Staphylococcus albus No. 
7-6 showed rather large zones of partial in- 
hibition. Although not clearly apparent in 
Figure 5, the incompleteness of the inhibi- 
tion by these strains under these circum- 
stances was revealed by the presence of very 
stunted and almost transparent colonies in 
the zone of inhibition up to the edge of the 
active test organisms. 

This is revealed very strikingly in Figure 
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Fig. 4 (Halbert and Swick). Retests of isolated 
antibiotic-producing strains agains! Staphylococcus 
aureus No. 15-1. 


vs. No. 7-6 


Fig. 5 (Halbert and Swick). Comparison of 
the antibiotic activity of a group of strains against 
two staphylococci. 
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Fig. 6 (Halbert and Swick). Example of the 
partial inhibition produced by some strains of 
antibiotic-producers. All three organisms indicated 
by the arrows produced exactly the same kind of 
inhibition. Because of the direction of the light in 
taking the photograph, the stunted and transparent 
colonies in the inhibition zones are clearly revealed 


only in Colony 3. 


6, which show five other test strains acting 
against Staphylococcus albus No. 7-6. The 
three strains designated by the arrows all pro- 
duced exactly the same type of inhibition 
zones, but the direction of the light in taking 
the photograph was such that the stunted 
colonies in the inhibition zone of No. 3 were 
revealed clearly. 

Lastly, another type of inhibition is re- 
vealed in Figure 5 by the action of strain 
No. 269-5 against Staphylococcus aureus No. 
15-1. This zone was characterized by a rather 
large area of very poorly defined or cir- 
cumscribed inhibition. 

For the sake of tabulation, the organisms 
have been arbitrarily classified into three 
groups. The highly active strains are those 
that produced complete inhibition zones 
greater than 2.5 mm. from the edge of the 
test colony. Slightly active strains were those 
that produced complete inhibition up to 2.5 
mm. in width, or any degree of partial in- 
hibition. Nonactive strains included those 
that had no effect on the growth of the in- 
dicator strains or were themselves inhibited. 

It may be mentioned here that the antibi- 
otic-producing strains have been found to 


maintain their activity over periods of up to 
a year after numerous transfers on artificial 
media. 

The numbers of individuals carrying such 
organisms in their flora is surprisingly large. 
In the samples obtained on one visit, for ex- 
ample, 24 of the 40 individuals (60 percent) 
revealed the presence of active strains. Of 
these, nine of the group (20 percent) showed 
highly active organisms ; 19 possessed slightly 
active strains (50 percent); and four had 
both types present. 

In a sample obtained from another cottage, 
36 of the 40 individuals (90 percent) har- 
bored such active strains. Of these, six of 
the 40 (15 percent) revealed the presence of 
highly active organisms; 35 (85 percent) 
slightly active ones; and five (12 percent) 
both types. 

The concentrations of active strains in the 
flora of the patients varied very widely. In 
some patients they were very rare (for ex- 
ample, 1:100, 1:30, or 1:200, and so forth, 
countable organisms); in others active or- 
ganisms were more numerous (for example, 
15:60, 3:100, 4:16, 6:75, and so forth count- 
able organisms) ; and in occasional patients 
they were predominating (for example, 
27 :30, 100:150 countable organisms). 

Antibiotic-producers were found both in 
normal and infected eyes, but the data thus 
far are insufficient for detailed analysis. 

Estimates were made of the percentage of 
active strains present. In one group of 40 
patients, approximately 1,500 strains could 
be counted in the dispersed areas of the orig- 
inal plates. Of these 14 (0.9 percent) 
proved to be highly active, and 163 (10.8 
percent) were slightly active. 

Tests made of this same group of cultures 
by random sampling methods showed that 
of 800 strains tested, 0.1 percent were 
highly active, and 15.4 percent slightly 
active. It is of some interest that Jennings 
and Sharp™ reported that about 10 percent 
of the 205 strains of staphylococci from 
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various sources that they tested possessed 
antibiotic-producing activity. 

The vast majority of the organisms ob- 
served here were of the genus Micrococcus 
(Staphylococcus). Thus, of 174 sample 
strains (approximately equal numbers of 
active and nonactive organisms) examined 
by the Gram stain in one sampling period, 
167 were of the staphylococcus family. Five 
were streptococci, one a diphtheroid, and an- 
other a Gram-positive rod in chains. The 
same pattern of distribution was apparent 
in other culture periods. 

Thus, the bulk of the antibiotic producers 
were staphylococcal, although occasional 
active streptococci and diphtheroids were ob- 
served. It may be mentioned that, in most 
instances, the activity of these organisms 
was not usually affected by the presence of 
10-percent human blood or plasma in the 
medium. 

Although the antibacterial spectra of sam- 
ples of active strains have not been carried 
out as yet, a fairly large number of organ- 
isms (mostly of the staphylococcal family) 
have been tested for susceptibility to a 
sample of these strains in the preliminary 
search for sensitive indicator organisms. 

All of the bacteria tested ‘were isolated 
from the eye flora of the subjects under 
study at Letchworth Village. There was a 
very wide variation in the susceptibility of 
these strains to the samples of antibiotic- 
producers. 

A suggestion of this is shown in Figure 
5 where, for example, strains No. 266-6 and 
No. 269-5 showed quite different effects on 
the indicator organisms No. 7-6 and No. 15- 
1. In some instances, not shown here, an 
active strain might affect one of the indica- 
tors and not the other. 

The high degree of strain specificity in- 
volved in the susceptibility to these antibi- 
otics has been demonstrated in some detail by 
Fredericq™ with a small group of antibiotic- 
producing staphylococci. This same limited 
type of activity and susceptibility has been 
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amply shown to be the rule in the Escheri- 
chia coli group of antibiotics.® 

Preliminary tests with regard to the pro- 
duction and characterization of the anti- 
biotics have been carried out with a small 
number of strains.* The same methods have 
been employed that were successfully used 
with E. coli antibiotics. Organisms were 
grown 24 or 48 hours on the surface of pro- 
teose No. 3 agar medium with only 0.5-per- 
cent agar content. 

At that time, the plates were rapidly 
frozen in pulverized solid carbon dioxide, 
and then thawed. The fluid that was then 
obtained was centrifuged free of cells, and 
the clear supernate sterilized by heating at 
63°C. for one-half hour. These crude 
liquors, in a number of instances, have 
shown antibiotic activity comparable to that 
seen with antibiotic-producing coliform 
strains of the intestinal tract. 


303-3 


Fig. 7 (Halbert and Swick). Antibiotic activity 
of some crude supernates from several active 
staphylococci tested against strain No. 15-1. 


As an example of the type of results ob- 
tained in tests against Staphylococcus aureus 
No. 15-1, Figure 7 shows the inhibiting 
activity of supernates from five strains of 
staphylococci isolated from different patients 


*On the basis of catalase activity, occasional 
strains revealed inhibition zones which were prob- 
ably due to HzO; production.” These strains were 
not considered in the present study. 
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Fig. 8 (Halbert and Swick). “Spontaneous” ap- 
pearance of inhibiting activity in the original streak 
from the eye swab of a patient. 


of this group. The largest zone, by the crude 
antibiotic of Staphylococcus albus No. 303-3, 
was 8.0 mm. in width (from the edge of the 
well in the agar to the edge of normal 
growth of the substrate organism ). 

Strains No. 207-5 and No. 218-4 produced 
zones of partial inhibition when tested with 
the living organism system, and it is of in- 
terest that the supernates produced very 
poorly defined zones of “inhibition” of some 
size, which are only faintly visible in the 
photograph. Further detailed studies are 
under way to determine the chemical and 
physical characteristics of samples of these 
antibiotics. 

In four instances out of 246 samplings 
from 80 patients, the following type of re- 
lated phenomenon has been observed. On the 
original plates from these patients, one type 
of organism has been very predominant, and 
developed as an almost uniform and con- 
fluent growth in the crowded areas of the 
plates. Interspersed in these areas were oc- 
casional to fairly numerous colonies which 
had produced areas of inhibition about 
themselves of the predominant bacterial 
species present in the flora. Figure 8 shows 
an example of this type of reaction. 

Attempts to isolate and characterize the 


organisms involved have been incomplete, 
but in one instance the inhibiting strain was 
a Staphylococcus albus and the inhibited 
strain was tentatively identified as He- 
mophilus influenza. In another instance, the 
inhibiting strain was also a Staphylococcus 
albus strain, and the inhibited organism a 
Neisseria catarrhalis. 

In future studies, it is planned to obtain 
culture samples at short intervals from pa- 
tients who reveal such mixtures in their 
flora, and to observe the progressive changes 
in the concentrations of the organisms in- 
volved. 

Dujardin-Beaumetz® has reported a very 
similar phenomenon occurring on a plate 
inoculated with nasal mucous from a patient 
convalescent from diphtheria. In this in- 
stance, the inhibiting organism was a 
staphylococcus, and the inhibited one a strain 
of Corynebacterium diphtheriae. 


Discussion 

The preliminary data thus far obtained 
with respect to the presence of antibiotic- 
producing bacteria in the eye shows a re- 
markable analogy to the presence of such 
organisms in the intestinal tract. These 
similarities include the following findings. 

1. In both situations, antibiotic-producing 
bacteria are quite common. They are pres- 
ent in many individuals. The concentrations 
of such organisms in the flora vary widely 
from individual to individual. 

2. Antibiotic producers of strikingly dif- 
ferent degrees of activity are present in both 
situations. Some are very potent, producing 
complete inhibition of susceptible organisms 
over wide distances on agar; some produce 
small zones of complete inhibition and others 
produce varying size zones of partial inhibi- 
tion of varying degrees. In both tissues, sev- 
eral types of antibiotic-producers may be 
found in the flora of the same individual. 

3. The prevalence of such active strains 
in individuals is strikingly similar in the two 
tissues. Discounting the differences in the 
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TABLE 1 


COMPARISON OF THE INCIDENCE OF ANTIBIOTIC-PRODUCING BACTERIA IN THE EYE FLORA 
AND INTESTINAL TRACT OF TWO ADULT POPULATIONS 


Individuals W ith 


Antibiotic- —— Total In- 
producing | Slightly* | Highly —| dividuals with 
Bacteria viduals Active Active 
| from Strains Strains T 
Only Only 
North Intestinal | 108 47 (43 | 7 
Carolina Tract 7 (43%) | 12 (11%) | 8 (7%) 67 
0 | 
(Cottage 31 0 + 
Delta) | 
Village Flora 40 
(New York) (Cottage 15 5 3 | 2 
| Theta) 
(Total) 46(57%) | 5(6%) 7 (9%) 58 (73%) 


* The cleiiRensien system in the eye flora is slightly different from that in the intestinal tract, and the 
methods of sampling in each series were slightly different, but the data are fairly comparable. 


‘. methods employed, Table 1 reveals the re- 
& markable similarity in the incidence of anti- 
biotic-producers in the eye from this adult 
group at Letchworth Village,* and the in- 
cidence of active coliform organisms from 
the intestinal tract of an adult population in 
North Carolina. 

4. The antibiotic-producers of both tissues 
show a high degree of strain specificity in 
their antibacterial activity. Although this 
specificity has not been thoroughly analyzed 
with reference to the ocular microorganisms, 
these preliminary observations, and the more 
detailed data with a small group of strains 
of staphylococci examined by Fredericq,” 
strongly indicate that the antibiotic-pro- 
ducers of both tissues are very similar in this 
respect. The highly specific nature of the 
antibiotics of the E. coli group has been 
worked out in some detail. 

5. Preliminary tests have revealed that 
rather potent crude antibiotic solutions can 
be readily obtained with a number of strains 
of the eye flora by the same methods that 


* Subsequent observations of other groups at this 
institution have revealed, however, a somewhat 
lower incidence of active strains in this test system. 


were very often effective with the intestinal 
coliform organisms. Study of the chemistry 
of one antibiotic from a staphylococcus 
strain by Gardner* has revealed a striking 
similarity in the chemical properties of this 
material with those of several antibiotics of 
E. coli strains that have been examined 
rather carefully.."* Further studies are 
under way to determine the general chemi- 
cal characteristics of antibiotics from a num- 
ber of strains of staphylococci from the eye 
flora. 

6. The antibiotic-producers of both tissues 
usually maintain their activity in the pres- 
ence of plasma proteins or blood in moderate 
concentrations. 

7. The percentage of intestinal tract coli- 
form strains examined that possessed activ- 
ity in previous series using sampling meth- 
ods varied from 11.7 percent to 24.8 percent. 
In the present series, preliminary estimates 
of the percentage of active “staphylococci” 


from the eye flora suggest that the value will 
be between five percent and 15 percent in 
this group. Jennings™ has found an incidence 
of antibiotic-producers of 10 percent in a 
group of staphylococci studied by him. 
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8. The antibiotic producing organisms of 
the gastro-intestinal tract have thus far 
shown the same metabolic characteristics that 
nonantibiotic producers reveal.* Jennings™ 
and Fredericq’® failed to find any correlation 
between antibiotic production and metabolic 
activities with the strains of staphylococci 
studied by each. Preliminary observations in 
this laboratory are in agreement with these 
latter investigators. 

9. The antibiotic-producing capacities of 
these microorganisms seems to be a rather 
stable metabolic property. Numerous trans- 
fers of such bacteria, from both sources over 
long periods of time, have not usually re- 
sulted in any significant change of this at- 
tribute. 

In summary, the similarities thus far re- 
vealed suggests that the bacterial population 
interrelationships in both tissues may be 


fundamentally alike. Further investigations 
are being carried out to determine whether 
population changes of antibiotic-producing 
organisms in the eye take place in relation to 
bacterial eye infections, as seems to occur 
in the intestinal tract. 


SUMMARY 


1. Antibiotic-producing bacteria occur in 
the eye flora with considerable frequency. 

2. The organisms are mostly of the genus 
Micrococcus (“Staphylococcus”). 

3. Varying degrees and types of inhibi- 
tory activity have been noted. 

4. In several instances, crude antibiotic 
solutions have been prepared. 

5. The striking analogy between the an- 
tibiotic-producing organisms of the eye and 
of the intestinal tract has been discussed. 

635 West 165th Street (32). 
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DISCUSSION 


Dr. Henry F. Atten (Boston) : The appearance 
of diphtheroids in the conjunctiva following acute 
infections of different kinds has been well known 
for some time. Dr. Halbert did not mention spe- 
cifically whether diphtheroids were among the anti- 
biotic producers. I have nothing to add and no 
experience in antibiotic-producing strains. The 
question, I think, which presents itself to all of 
us is what the practical significance of such strains 
would be, whether they are producing infection or 
preventing infection, and that is one of the ques- 
tions which the essayist has left open. 


Dr. Atson E. Bratey (Iowa City): To my 
mind, this is a most interesting observation which 
has been made by Dr. Halbert and I wish to con- 
gratulate him on his observation. Antibiotic-pro- 
ducers have gone unobserved, obviously, by a great 
many of us working in bacteriology over the past 
years, and for that reason I appreciate the essay- 
ists’ observation. 

I did have a few questions to ask because I 
know most of these patients from Letchworth Vil- 
lage and their conditions very well. Many of them 
have a conjunctivitis and many are reasonably free 
of conjunctival irritation. I wanted to ask if there 
were more antibiotic-producers in those patients 
with conjunctival irritation or in those without it, 
with normal conjunctiva. 

The second question: It appeared to me as if 
the staphylococci were of the old classification of 


the rough variety that produced the antibiotics, or 
at least produced the zone of inhibition, but I 
think that this should be followed up very care- 
fully and considerably more data should be col- 
lected on this material, particularly on the evidence 
that these antibiotic substances are polypeptides. 


Dr. Seymour P. Hatperr (closing): With re- 
gard to the diphtheroids, Dr. Allen, we occasionally 
have found diphtheroids to be active in this re- 
spect. The number of diphtheroids we have noticed 
on the cultures from these individuals is rather 
sparse but may be due to the methods of cultiva- 
tion that we use. 

With regard to the antibiotic-producers in con- 
junctivitis or normal conjunctiva, Dr. Braley, we 
have a considerable amount of data along these 
lines but we have not as yet studied them sta- 
tistically. The analysis of the information will take 
us several months and we were not able to get it 
ready for this meeting. 

With regard to the colony growth of the anti- 
biotic-producers, we have not noticed that these 
tended to be rough in colonial form, They do show 
most of the smooth type of colony, although oc- 
casionally some strains have been somewhat rough. 

We understand quite clearly that the full sig- 
nificance of these organisms in infection is a dif- 
ficult problem and to elucidate it will take an ex- 
tensive amount of work with careful observations 
and controls. 
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Gram-negative rod eye infections are 
notoriously resistant to therapy. Especially 
is this true of Pseudomonas aeruginosa 
(Bacillus pyocyaneous) infections. It is 
generally true that, if therapy is effective for 
this organism, it will probably be of value 
for most Gram-negative infections. For this 
reason it was thought proper to determine if 
polymyxin B, an antibiotic from B polymyxa, 
which is effective against many Gram-nega- 
tive bacteria, might be of value in experi- 
mental ocular Pseudomonas aeruginosa in- 


fections. 
METHOD OF INVESTIGATION 


1. All the studies were made on rabbits’ 
eyes. The rabbits were all bucks of the chin- 
chilla strain and weighed 2.5 to 3.5 kg. each. 

2. The polymyxin used was lot No. P-095, 
N.D. #111, Aerosporin, Brand, polymyxin 

} (sulfate), 50 mg. vital.* The concentration 
used locally was 10 mg./cc. of normal saline 
since previous studies had shown that 
strengths greater than this were not tolerated 
well by an abraded rabbit's cornea. All drops 
were given every one-half hour for one week 
after the wounds were contaminated. For 
anterior-chamber injections, 0.1 cc. of 0.25 
of this strength in normal saline was used 
once. 

3. A standard corneal abrasion consisted 
of denudation of one fourth of the corneal 
surface with sterile gauze as confirmed by 
staining. 

A standard penetrating posterior-segment 
wound was produced by a rapid plunge into, 
and immediate withdrawal from, the vitreous 
with a sterile 25-gauge, 0.75-inch hypodermic 
needle. 

4. The cultures used were virile, T-4 dilu- 


* The polymyxin used was supplied by the Bur- 
roughs Wellcome and Company, Inc., Tuckahoe, 
New York. 


POLYMYXIN IN EXPERIMENTAL OCULAR PSEUDOMONAS 
AERUGINOSA INFECTIONS 


Josepu V. M. Ross, M.D. 
Berwick, Pennsylvania 


tions, of Psc-idomonas aeruginosa. One drop 
from a standard medicine dropper was used 
to contaminate the corneal abrasion im- 
mediately. The sterile hypodermic needle 
was dipped into a culture before being 
plunged into the vitreous to contaminate the 
posterior-segment wound. 

5. A lost eye was defined as that so 
scarred either in the anterior segment or 
posterior segment or both, with or without 
phthisis, so that such an eye, comparatively 
speaking, in a human would be industrially 


blind. 


RESULTS 


CONTROL EYES 

Of 10 eyes with a standard corneal abra- 
sion, contaminated, nine were lost and one 
moderately scarred. 

Of 10 eyes in which the penetrating pos- 
terior-segment wound was contaminated, all 
were lost. 


CORNEAL LESIONS 


In 10 eyes in which polymyxin B was 
dropped every half hour for four doses be- 
fore and after the contaminated abrasion was 
produced, five were lost and five moderately 
scarred. In 10 eyes in which the drug was 
applied locally within one hour of the con- 
taminated abrasion, seven eyes were lost and 
three moderately scarred. When the antibi- 
otic was used locally after two hours follow- 
ing the contaminated abrasion, all 10 eyes 
were lost. 

When polymyxin B was given into the 
anterior chamber within one hour after the 
contaminated abrasion, seven eyes were lost 
and three were moderately scarred. A 
severe serofibrinous iridocyclitis resulted 
from the anterior-chamber injections so only 
one such was given in each case. 
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STUDIES WITH POLYMYXIN B 


TABLE 1 
CHART OF RESULTS 


Method of Investigation 


1. Contaminated control eves. No therapy 
a. Corneal cases 
b. Posterior-segment cases 


. Contaminated treated eyes 
a. Corneal—Polymyxin before and after 
b. Corneal—Polymyxin within one hour 
c. Corneal—Polymyxin plus one anterior- 
chamber injection 
d. Corneal—Polymyxin after two hours 
e. Posterior segment 


Moderately 
Number Scarred 
Eyes 


1 


3 
All eyes were lost regardless of time 
element or anterior chamber injection. 


POSTERIOR SEGMENT 


All eyes were lost regardless of time ele- 
ment or anterior-chamber injection. 


CoNCLUSION 
Polymyxin B (lot No. P-095, N.D. #111, 
“Aerosporin” Brand polymyvin B [sulfate] 
when used in the concentrations and method 


herein stipulated has little or no practical 
value in the therapy of eye wounds con- 
taminated with Pseudomonas aeruginosa. 
Anterior-chamber injection is not recom- 
mended. 

321 East Front Street. 


The discussion of this paper will be found on 
page 99. 


EXPERIMENTAL STUDIES ON THE EYE WITH POLYMYXIN B* 


Ropert L. M.D. 
New York 


Polymyxin B is one of the group of re- 
lated antibiotics obtained from the soil or- 
ganism Bacillus polymyxa.’ These substances 
‘have marked antibacterial activity in vitro, 
against Gram-negative organisms, except for 
strains of the genus Proteus.*** They have 
relatively little effect against Gram-positive 
organisms. 

The clinical usefulness of polymyxin B 
has been limited because it has a nephrotoxic 


*From the Department of Ophthalmology, Col- 
lege of Physicians and Surgeons, Columbia Univer- 
sity, and the Institute of Ophthalmology of the 
Presbyterian Hospital. This study was supported 
by the Knapp Memorial Foundation. Thesis sub- 
mitted in partial fulfillment of the requirements 
for the degree of Doctor of Medical Science, Co- 
lumbia University. 


action when administered systemically.* *** 
Because local use of other antibiotics has 
not always been successful in controlling sur- 
face infections of the human eye due to 
Gram-negative baccilli, it seemed worth-while 
to investigate the effects on the eye of topi- 
cal applications of polymyxin B. 

Pseudomonas aeruginosa (pyocyaneus) 
was selected as the test organism because the 
lesions it produces in the human eye are 
usually of a severe type. For comparison, 
aureomycin, streptomycin, and circulin (Q- 
19) were used during various experiments. 
Chloramphenicol (chloromycetin) and ter- 
ramycin were not employed because 
they have a relatively low antibiotic ac- 
tivity in vitro against Pseudomonas aerugi- 
nosa.** 
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OUTLINE OF THE INVESTIGATION 


The work reported here has included the 
following studies: 

1. In vitro sensitivity tests against a large 
number of strains of Pseudomonas aerugi- 
nosa isolated from widely separated geo- 
graphic areas. 

2. Observations on the toxic effects of 
local administration of polymyxin B on the 
corneal epithelium. 

3. Determinations of the amount of pene- 
tration of the antibiotic into rabbit eyes, fol- 
lowing three methods of local application. 

4. Preliminary in vitro experiments to test 
the possibility of an increased antibacterial 
effect using combinations of polymyxin B 
with each of the other three antibiotics. 

5. Local treatment of experimental pyo- 
cyaneus infections in rabbits’ corneas. 


IN VITRO SENSITIVITY TESTS 


MATERIALS AND METHODS 


The Aerosporin brand of polymyxin B 
(Lot No. p-095)* in the form of the sul- 
phate was used in all experiments. Circulin 
(Q-19),+ an antibiotic obtained from Bacil- 
lus circulans, was discovered by Murray and 
Tetrault’ and is closely related to the poly- 
myxins in structure and biologic activity.*-”° 
It was received in vials of 100 mg. labelled 
as having been assayed at 5,000 units per 
mg. (presumably by the standard circulin 
plate assay method).* The aureomycin used 
was the hydrochloride with sodium glycinate 
added, and the streptomycin was the calcium- 
chloride complex. 

Eighty-five strains of Pseudomonas aeru- 
ginosa were obtained from sourcest in Eng- 
land, Canada, Texas, and New York, includ- 
~ * Obtained through the courtesy of Dr. D. S. 
Searle, from Burroughs Wellcome Company, 
Tuckahoe, New York. 

+ Lot No. 8966-1 supplied in generous amounts 
by the Upjohn Company, Kalamazoo, Michigan. 

tI am particularly indebted to S. T. Cowan, 
Dr. R. M. Shaw, Lieut. Col. Edwin J. Pulaski, 
and Dr. A. J. Weil for their kind help in procuring 
the cultures, 


ing stock cultures from the National Collec- 
tion of Type Cultures in London and the 
American Type Culture Collection in Wash- 
ington. One strain had been isolated from 
the eye of a patient with a severe infection 
of the cornea. Cultures were stored on agar 
slants unJer oil at refrigerator or room tem- 
perature and transferred every four to five 
months.’® 

A broth dilution test was used, in which 
duplicate serial twofold dilutions of the 
antibiotics in 0.8 cc. of nutrient broth (Dif- 
co) were made in 13 by 100-mm. test tubes. 
The inoculum was prepared by washing off 
with 0.9-percent saline the 24-hour growth 
of the organisms on Proteose #3 (Difco) 
agar slants. 

The light transmission through the sus- 
pension was measured in a Klett-Summerson 
photo-electric colorimeter and the approxi- 
mate number of viable organisms per cc. was 
determined from a previously prepared curve 
relating light transmission to plate counts. 

The suspension was then diluted in nutri- 
ent broth to obtain a final concentration of 
about 500,000 organisms per cc. Then 0.2 ce. 
(100,000 organisms) of the final suspension 
was added to each tube. After 20 hours’ in- 
cubation at 37°C., the tubes were read and 
the end point or minimal inhibitory concen- 
tration (M.I.C.) was taken as that tube, con- 
taining the smallest amount of the antibiotic, 
in which there was no visible growth. 

Groups of 10 to 15 strains were tested 
at the same time with polymyxin B, strepto- 
mycin, and aureomycin. The circulin was not 
obtained until after the sensitivity tests had 
been done and only five strains have been 
tested against this antibiotic during the 
course of the experiments with combina- 
tions. 

For each test, dilutions of the antibiotics 
were prepared from fresh stock soliitions in 
saline or from stock solutions which had 
been stored one to two weeks in the deep 
freeze. The results of these tests could be 
reproduced so that reassays performed with 
more than half the strains checked within one 
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tube except on rare occasions. When there 
was a difference the minimal inhibitory con- 
centration reported is either the one obtained 
most frequently or the highest value. 


RESULTS 


The distribution of the minimal inhibitory 
concentrations for these strains is shown in 
Figure 1. Under the conditions of the tests, 


NUMBER OF STRAINS 


0.08 O31 062 125 


reports®'! where broth-dilution methods 
were used. 

Among the factors which may have con- 
tributed to the lower minimal inhibitory con- 
centrations found for streptomycin in this 
series of tests, are the following : 

1. The medium used contained no added 
glucose or salt, both of which decrease the 
effectiveness of streptomycin in fluid media.** 


@ Povymyxin B 
= STREPTOMYCIN 
= AUREOMYCIN 


47 
5 
21 
7 
5 
al 
25 5 10 20 40 
AND 
OVER 


IN MICROGRAMS PER CC. 


(FIGURES AT TOP OF COLUMNS = % OF TOTAL NUMBER TESTED) 


Fig. 1 (Wiggins). Showing the distribution of the minimal inhibitory concentrations (M.I.C.) of three 
antibiotics for 85 strains of Pseudomonas aeruginosa. 


every one of the strains was found to be 
more sensitive to polymyxin B than to either 
streptomycin or aureomycin. For the five 
strains tested against circulin as well, the 
minimal inhibitory concentrations of poly- 
myxin and circulin were always within one 
tube of each other. 

It is evident that polymyxin B was effec- 
tive over a much narrower range of concen- 
trations (0.08 to 2.5 ng. per cc.) than both 
streptomycin and aureomycin. The minimal 
inhibitory concentrations of polymyxin B for 
this group of organisms is in good agreement 
with the results reported by other workers. 
*,%11 For streptomycin, however, the results 
obtained are somewhat lower than in other 


2. The size of the inoculum was relatively 
small. 

Bliss and Todd" have shown that for E. 
coli decreasing the inoculum size 1,000 times 
decreased the minimal inhibitory concentra- 
tion for polymyxin B about eight times, 
while for streptomycin it was reduced 32 
times. Abraham and Duthie’ found that an 
increase in inoculum size of 1,000 times 
raised the inhibitory level of streptomycin 
for most organisms about four to eight times, 
but for Pseudomonas aeruginosa a similar 
change in inoculum size raised the inhibitory 
concentration of streptomycin 30 to 80 
times. 

It is of interest to note the relationship 
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between the susceptibility to streptomycin 
and the year of isolation of the organism. 
Of 61 strains whose dates of isolation were 
known, 35 had been isolated after the year 
1948 and the remainder prior to that time. 
Of the “recent” strains more than 50 per- 
cent required 40 or more pg. per cc. for in- 
hibition, the lowest minimal inhibitory con- 
centration being 2.5 pg. per ce. of strepto- 
mycin. In the older group however, 70 per- 
cent had minimal inhibitory concentrations 
of 2.5 pg. or less and none required more 
than 10 pg. per cc. for inhibition. 

These results are analogous to those re- 
ported by Finland and others’ who said 
“strains of staphylococci isolated and tested 
before 1946 were inhibited by significantly 
lower concentrations of penicillin than those 
required for strains isolated subsequently.” 


EFFECTS OF POLYMYXIN B ON CORNEAL 
EPITHELIUM 


MetHops 


The effect of local applications of three 
antibiotics on the cell migration phase of 
healing in corneal epithelium was tested us- 
ing male Sherman rats, by the method de- 
scribed by Smelser."* 

Standard thermal burns of the corneal epi- 
thelium were made in both eyes of 100-gm. 
rats, using a Shahan thermophore with a 
terminal 1.5-mm. wide, curved to fit the rat’s 
cornea across its width. The tip, heated to 
71°C., was applied for five seconds, produc- 
ing a burn which, if untreated, was almost 
completely recovered by epithelium at the end 
of 12 hours. 

The solutions to be tested were dropped, 
at hourly intervals, on the right eyes and the 
rat held for 15 seconds after each instilla- 
tion to insure exposure of at least 2.5 min- 
utes duration for 11-hour experiments. The 
left eves were untreated controls. At the end 
of 11 hours, the rats were killed, the eyes 
were enucleated and fixed overnight in Bou- 
in’s solution. 

Using a camera lucida with a magnification 


of 20, drawings were made of the outlines 
of the area on each cornea which had not 
been recovered by epithelium. The area of 
each drawing was determined using a pla- 
nimeter. The average uncovered area for all 
the treated eyes and the average uncovered 
area for all the untreated control eyes in each 
experiment were then calculated. The signifi- 
cance of the difference between these aver- 
ages was tested, using the t-table of prob- 
abilities, and accepting a probability value 
(P) of 0.02 or less as significant. 

Saline solutions of polymyxin B (1.0, 0.1, 
and 0.01 percent), as well as streptomycin 
(1.0 percent) and aureomycin (1.0 percent) 
were tested in this manner. 

In addition, the effects on rabbit eyes of 
local applications of saline solutions of poly- 
myxin B were observed. A central area of 
corneal epithelium, four mm. in diameter, 
was marked out with a trephine and abraded 
with a small curette, in both eyes of eight 
rabbits. The right eyes of four of these ani- 
mals were treated for three days by eight 
hourly instillations (two drops each time) 
into the conjunctival sac, of 0.25-percent 
solution of polymyxin. The left eyes were 
kept as untreated controls. 

In the four other rabbits the right eyes 
were treated with the same solution for the 
same number of days using five-minute cor- 
neal baths twice daily, anesthetizing the cor- 
neas with 0.l-percent nupercaine solution 
before each bath. In the latter group the left 
eyes were anesthetized in the same way as 
the right but were untreated otherwise. 

The extent of healing was followed using 
fluorescein to stain unhealed areas. Sub- 
conjunctival injections of 0.5 cc. of a 0.25- 


percent solution in saline were made in the 
right eyes of four rabbits; the same amount 
of 0.85-percent saline injected into the left 
eyes served as controls. 


ResuLts 

The results of the experiments with the 
rats are seen in Figure 2 in which the aver- 
age uncovered area of the treated eyes is ex- 
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pressed as a percentage of the average un- 
covered area of the controls, so that 100 per- 
cent represents equality or no significant dif- 
ference. With this method, tested on 17 rats, 
no difference was obtained when the right 
eyes were treated with 0.85-percent saline'so- 
lution. 

1.0-percent polymyxin-B solution 
(tested on nine rats) resembled 1.0-percent 


no difference could be noted between treated 
eyes and control eyes. The treated eyes in 
the corneal-bath group showed somewhat 
larger areas of staining than those treated 
by drops when examined after 24 hours, but 
all the abraded sites fafled to stain after 48 
hours. By the third day of treatment, no 
signs of inflammation were observed. 

At the conclusion of each corneal bath 


TOXIC EFFECT OF POLYMYXIN B, STREPTOMYCIN 
AND AUREOMYCIN ON HEALING OF RAT'S 
CORNEAL EPITHELIUM 


100) 


rat 
=) 


= Potymyxin 
= AUREOMYCIN 


= STREPTOMYCIN 


0.01 


% CONCENTRATION IN SALINE 


Fig. 2 (Wiggins). The average size of the unhealed burn areas in the treated eyes was divided by the 
average size of the unhealed burn areas in the control eyes. This figure is given as a percentage and serves 
as an index of the decreased rate of healing in the treated eyes, with 100 percent representing no significant 
effect. The figures at the top of each column indicate the number of rats from which the averages were 


obtained. 


aureomycin solution (six rats) with the un- 
healed areas of the treated eyes exceeding the 
controls by about 90 percent. A 1.0-percent 
streptomycin solution (13 rats) produced an 
effect similar to that of 0.01-percent poly- 
myxin B (11 rats) with the uncovered areas 
of the treated eyes larger by almost 30 per- 
cent. 

In the rabbit experiments, when the sizes 
of the experimental abrasions were com- 
pared at intervals after beginning treatment, 


a few minute punctate areas of staining could 
be seen with the corneal microscope, but 
they were not present 24 hours later. 

In the rabbits receiving the subconjunc- 
tival injections, both 0.25-percent polymyxin 
B solution and 0.85-percent saline solution 
produced a rather milky white bleb. How- 
ever, within one to two hours the polymyxin- 
injected eyes showed a profuse purulent dis- 
charge accompanied by the signs of acute in- 
flammation of the whole conjunctiva and 
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slight pericorneal injection but no cells or 
flare in the aqueous humor. 

This reaction subsided within 72 hours, 
leaving no obvious permanent damage. The 
control eyes on the other hand showed little 
or no signs of reaction and appeared normal 
24 hours after the injection. 

Observations made during the course of 
treatment of the experimental infections of 
the cornea in rabbits did not suggest that 
there was any increase in scar formation or 


vascularization when 0.1-, 0.25-, or 1.0-per-: 


cent saline solutions of polymyxin B were 
used as instillations or corneal baths. 

Three patients have been treated by means 
of instillations into the conjunctival sac of 
0.25-percent saline solution of polymyxin B 
with no discomfort or signs of irritation. 

On the basis of these observations poly- 
myxin B seems to resemble aureomycin in 
its effects on the eye following local applica- 
tion. 


PENETRATION OF POLYMYXIN B INTO 
THE EYE 


MetuHops AND MATERIALS 


The penetration of polymyxin B into the 
cornea, aqueous humor, and vitreous was 
studied in rabbit eyes, following instillations, 
subconjunctival injections, and corneal baths, 
using a 0.25-percent saline solution. Applica- 
tions of the drug were made when the cor- 
neal epithelium was intact and when a four- 
mm. central area of epithelium had been 
abraded. 

An agar-diffusion biologic method of assay 
for polymyxin B was used. It is a well-plate 
type, using Brucella bronchiseptica NRRL 
B-140 as the test organism.* Twenty-two cc. 
of Proteose #3 agar (Difco) containing 
1.0-percent Tween 80'* were poured into 
petri dishes (100 mm. in diameter) and al- 
lowed to cool. 

The suspension for seeding was prepared 


*The test strain was kindly supplied by Dr. 
Philip G, Stansly of the Chemotherapy Division of 
American Cyanamid Company. 


from a 24-hour growth of the organism on 
an agar slant by inoculating 150 cc. of nu- 
trient broth with a loop which had been 
touched to the culture; 2.0 cc. of this broth 
suspension were flooded onto the test plates 
and the excess thoroughly drained and with- 
drawn. The plates were then dried in the in- 
cubator for one hour, with the lids off. 

Using a six-mm. diameter trephine, plugs 
of agar were then cut out (five to eight in 
number ) leaving wells, into which 0.03 cc. of 
the solutions to be assayed were placed, using 
Kahn pipettes. 

For each assay one or more standard 
curves were prepared by making dilutions of 
polymyxin B in a glycine-HCl buffer (pH 
2.0)** usually in two-fold steps from 10 pg. 
per cc. to 0.039 wg. per cc. 

For assays of corneal tissue the standard 
dilutions were prepared by grinding the cor- 
nea from a normal rabbit in a mortar, with 
Berkshire sand and 5.0 cc. of a solution of 
polymyxin in buffer (20 ng. per cc.). Two- 
fold dilutions of the supernatant fluid, after 
settling was allowed to take place, were then 
made in buffer. Standard curves for aqueous 
and vitreous humor were prepared for some 
experiments by mixing equal quantities of 
aqueous or vitreous fluid (obtained with a 
syringe and large-bore needle) and buffer 
and then diluted as already described. 

The samples of vitreous fluid and aqueous 
humor which were to be assayed were also 
diluted with equal parts of buffer before 
being placed in the wells of the test plates. 
For the cornea, the wet weight of the excised 
tissue was obtained and it was then ground 
as for the standards, in 5.0 cc. of buffer solu- 
tion and the supernatant fluid assayed. 

After 0.03 cc. of the unknown samples and 
the standard solutions had been placed in the 
wells of the seeded plates, the latter were 
stored at refrigerator temperature for 20 
hours and then incubated at 37°C. for 20 
hours. The assays were done in triplicate 
each time and the average diameters of the 
zones of inhibition were determined. A stand- 
ard curve, relating zone diameters to log con- 
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PENETRATION OF POLYMYXIN INTO RABBIT EYES USING 0.25% 
SOLUTION IN SALINE. (EXPRESSED IN MICROGRAMS PER CC. OF AQUEOUS 
HUMOR AND VITREOUS, AND MICROGRAMS PER GRAM OF CORNEAL TISSUE) 


Instillations 
qa iOmin x 6 


| hour ofter 
subconj. inj. 


4 hour ofter 
5 min. C.B. 


of 1.25 mgm. 


A. Intact corneal 
epithelium 
Cornea 


@) 
{3} 


<O.1 '2) 


Aqueous 


Vitreous 


| 
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B. Area of corneal epithelium 


(2) 
45 (4) 2.2 (2) 


0.4 (6) <O.1 (4) 


(4) (4) 


4 mm. in diameter abraded 


Cornea 96 (2) 
Aqueous 1.4(8) 


Vitreous 


<O.1 (2) 


13.2 (6) 30.0 (4) 
4.0 (4) 


(4) 


0.8 (6) 
(6) 


Each figure is the average from the number of experiments shown in brackefs. 


Fig. 3 (Wiggins). Showing the results of the experiments to determine the penetration of polymyxin B, 
applied locally, into rabbit eyes. 


centration per cc. of polymyxin, was pre- 
pared for each assay and from this the con- 
centrations of the drug in the samples were 
read. 

By this method the lowest concentration 
which consistently produced visible zones of 
inhibition was between 0.03 and 0.05 yg. per 
ce. (somewhat more for vitreous). It was 
not essential for the samples, placed in the 
wells, to be sterile. 

RESULTS 

Figure 3 summarizes the results obtained 
when a 0.25-percent solution of polymyxin 
B in saline was used, and the determina- 
tions were made one hour after the start of 
treatment. A few experiments with 0.5-per- 
cent and 1.0-percent solutions suggest that 
much higher levels can be obtained when they 
are used. 

Because all the samples were diluted at 
least 1:2 with buffer before being assayed, 


the figures for experiments in which no poly- 
myxin was detected are shown as less than 
0.1. wg. per cc. of aqueous humor and vitre- 
ous. The lowest concentration of the drug 
which could be detected in corneal tissue was 
somewhat higher because of the dilution fac- 
tor and varied somewhat depending upon the 
weight of the cornea. 

As might be expected from consideration 
of the large size of the polymyxin molecule 
and its relatively low solubility in anything 
except water and methanol,”* penetration into 
the eye was low when the corneal epithelium 
was intact. 

The average levels found in the corneal 
tissue were less than 3.0 yg. per gm. follow- 
ing instillations, 4.5 pg. per gm. following 
subconjunctival injections, and 2.2 pg. (and 
less) per gm. following corneal baths. In the 
aqueous humor, the levels found were, after 
instillations, 0.3 wg. per cc. in four eyes and 
less than 0.1 pg. per cc. in four other eyes. 
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Using the corneal baths, the average level 
was less than 0.1 pg. per cc. of aqueous 
humor but after subconjunctival injection 
the average level for six eyes was 0.4 pg. 
per cc. None was detected in the vitreous 
humor. 

The apparently greater penetration for in- 
stillations (less than 3.0 pg. per gm. of cor- 
neal tissue) over that found with corneal 
baths (2.2 wg. and less per gm.) is not nec- 
essarily an actual one. It is the result of the 
variation in lower limits of sensitivity of the 
assay from day to day and from cornea to 
cornea because of the dilution factor men- 
tioned above. 

Penetration was greater when small de- 
fects in the corneal epithelium were present. 
The highest levels occurred after corneal 
baths when 30.0 pg. per gm. of corneal tissue 
and 4.0 pg. per cc. of aqueous humor were 
found. After instillations and subconjunc- 
tival injections 9.6 pg. and 13.2 pg. per gm. 
of corneal tissue, respectively, were detected. 
In the aqueous 1.4 pg. per cc. were obtained 
after instillations and 0.8 pg. per cc. after 
subconjunctival injection. 

The finding in the cornea and aqueous, 
after subconjunctival injection, of levels 
higher when the epithelium had been abraded 
than when it was intact may be related to an 
increase in the permeability of the stroma 
and endothelium associated with the trauma 
of making the abrasions. 


IN VITRO SENSITIVITY TESTS WITH 
COMBINATIONS OF ANTIBIOTICS 


There are many reports in the literature 
which suggest that combinations of some 
antibiotics, under certain conditions, both in 
vitro and in vivo, have an antibacterial effect 
greater than would be expected if the process 
was simply an additive one.*-** This phe- 
nomenon has been referred to, frequently, 
as “synergism.” 

Because the mechanisms by which various 
antibiotics produce their effects on bacterial 
cells are not well understood, it is difficult 


to assess the results of in vitro tests with 
combinations of them. However, an attempt 
was made, by means of sensitivity tests with 
five different strains of Pseudomonas aeru- 
ginosa, to determine whether or not there 
was any evidence of increased antibacterial 
effectiveness when polymyxin B was com- 
bined with each of streptomycin, aureomycin, 
or circulin. 


METHODS AND MATERIALS 


The method was essentially the same as 
that used for the original sensitivity tests. 
Each antibiotic was tested in duplicate, alone, 
against each organism. At the same time, 0.4 
ce. aliquots of polymyxin B and each one of 
the other antibiotics were mixed in concen- 
trations from X2 to 1/128th of the minimal 
inhibitory concentration found for each drug 
alone. The inoculum was the same as that 
used before and the end points were again 
taken as the absence of visible growth at the 
end of 20 hours’ incubation at 37°C. 


RESULTS 


Those mixtures, containing less than 50 
percent of the minimal inhibitory concentra- 
tion for each drug alone, which prohibited 
visible growth, might be considered as sug- 
gestive of increased effect. In this category, 
11 out of 97 mixtures of polymyxin and 
streptomycin showed inhibition, 9 out of 103 
mixtures of polymyxin and aureomycin and 
14 out of 82 with polymxyin and circulin 
prevented visible growth. Incidence was ap- 
proximately 12 percent of combinations 
tested. 

The mixtures, containing more than 50 
percent of minimal inhibitory concentrations 
of each drug, which did not prevent visible 
growth might be suggestive of a decreased 
effectiveness. In this category combinations 
of polymyxin B with streptomycin, aureomy- 
cin, and circulin, respectively, showed growth 
in 12 out of 56, 5 out of 9, and 5 out of 75 
mixtures. Incidence was also 12 percent of 
combinations tested. 


ij 
| 
: 
a 
4 
4 


STUDIES WITH POLYMYXIN B 


TABLE 1 


RESULTS OF IN VITRO SENSITIVITY TESTS WITH COMBINATIONS OF ANTIBIOTICS 
TESTED AGAINST PSEUDOMONAS AERUGINOSA 


Polymyxin and 
Streptomycin 
./cc.) 


Polymyxin and 
Aureomycin 


(ug./cc.) 


Polymyxin and 
Circulin (Q-19) 
(ug./cc.) 


M.I1.C.* of drug tested alone 


0.31 160 


0.31 10 


0.31 0.62 


Inhibition 


0.31 plus 2.5 


0.15 plust 1.25 


0.31 plus 0.04 


Growth 0.15 plus 


2.5 0.15 plus 0.62 | 0.15 plust 0.62 


M.I.C. of drug tested alone | 0.62 


2.5 0.62 10 0.62 1.25 


Inhibition 0.62 plus 


0.31 0.62 plus 0.08 0.04 plust 0.62 


Growth 


0.15 plust 


2.5 0.31 plus 2.5 0.31 plus 0.31 


M.1.C. of drug tested alone | 0.62 


2.5 0.62 2.5 0.62 1.25 


Inhibition 


0.15 plust 


0.62 0.31 plust 0.15 0.31 plust 0.04 


Growth 


0.08 plust 


2.5 0.08 plus$ 2.5 0.15 plus 0.62 


M.I.C. of drug tested alone | 1.25 


20 1.25 10 1.25 1.25 


Inhibition 


0.31 plust 10 


0.62 plust 0.31 0.31 plust 0.15 


Growth 


0.15 plus 


10 0.15 plust 10 0.15 plus 0.31 


| 
1.25 


M.L.C. of drug tested alone 


2.5 | 1.25 10 1.25 1.25 


0.62 plust 


| 


0.31 0.62 plus 5 0.62 plust 0.08 


Inhibition 
Growth | 


0.15 plust 2.5 


0.62 plus 2.5 0.31 plus 0.62 


* Showing the minimal inhibitory concentrations (M.I.C.) for each drug when tested alone, as well as 
the lowest concentrations which, when mixed, prevented visible growth, and the highest concentrations 
which, when mixed, failed to prevent visible growth. Readings were made after 20 hours’ incubation at 


37°C 


+ Mixtures containing less than 50% of the M.I.C. of each drug. 
t Mixtures containing more than 50% of the M.I.C. of each drug. 


Table 1 shows the lowest combined con- 
centrations producing inhibition and the high- 
est combined concentrations in which growth 
occurred for each of the five strains tested. 
The minimal inhibitory concentrations of 
each drug alone are also shown. It is evident 
that, under the conditions of these tests, even 
where an increase or decrease in effective- 
ness with mixtures might be suspected, this 
certainly is not striking. 

In only two mixtures was the minimal in- 
hibitory concentration of polymyxin or the 
drug tested with it reduced to less than one 
half of the concentrations required when 
they were tested alone. Similarly, no mixture 
which contained the equivalent of the 


minimal inhibitory concentration (when 
tested alone) of one drug plus more than one- 
half the minimal inhibitory concentration 
(tested alone) of the other failed to inhibit 
growth. 

The results of this rather crude method of 
testing combinations of antibiotic indicate 
that there is no marked increase or decrease 
in the antibiotic activity when polymyxin B 
is combined with aureomycin, streptomycin, 
or circulin in vitro. This is in agreement with 
the report of Pulaski and others for strep- 
tomycin and aureomycin combined with poly- 
myxin. A more sensitive test which measures 
the effects of antibiotics on the growth curves 
of organisms might give more information. 
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TREATMENT OF EXPERIMENTAL PYOCYANEUS 
INFECTION IN RABBITS’ CORNEAS 


EXPERIMENTAL INFECTIONS 


The corneas of both eyes of each rabbit 
were prepared before inoculation by mark- 
ing out with a trephine a central area four- 
mm. in diameter and abrading the epithelium 
within it by means of a small curette. 

At first the corneas were inoculated from 


tion in the control eyes and so had to be dis- 
carded. For this reason the remainder (34 
rabbits) of the experimental infections 
were produced by rubbing the abrasions for 
one minute with a cotton-tipped applicator 
which had been dipped in a very heavy 
saline suspension of the organism. 

There is considerable variation in virulence 
of different strains of Pseudomonas aeru- 
ginosa and the experimental infections which 


a a 24-hour broth culture of the organism by occurred have been classified into two groups 
. rubbing the abrasions for one minute with according to the severity of the lesions in the 
: a loopful or with a cotton-tipped applicator control eyes. 
which had been dipped in the culture. With In one group are the so-called “mild” in- 
this method a large number (11 out of 22) _ fections which followed inoculation from the 
of rabbits did not develop progressive infec- 24-hour broth cultures of strains A and D 
1 TABLE 2 
RESULTS OF TREATMENT OF EXPERIMENTAL PYOCYANEUS INFECTIONS: 
A. “MILD” TYPE OF INFECTION 
| Treatment Results 
Hours Method | Days | 
after % of | of Treated | Control 
Inocu- Treat Treat Eye Eye 
i lation Used | ment ment | M.I.C.* | Rabbits 
6 Polymyxin | Corneal | 2 2 
1.0% | bath » 2.5 0 XXXX 
18 Polymyxin | Drops | ft | A_ 0.62 2 0 | xx 
0.1% 
24 Polymyxin | Corneal | 5 
1.0% bath x XXX 
| x XXX 
| x | perfor 
Polymyxin Drops 1 i os 3 0 | x 
1.0% | 0 x 
| | o | x 
3 Polymyxin | Corneal 3 | §9 0.3 3 x XXX 
0.25% bath x XXX 
| XX XXX 
: Streptomycin Corneal 3 | 59 > 160 3 XXXX XXXX 
1% bath 
XXX XXX 
Circulin Corneal | 3 §9 ? 3 x XXXX 
0.25% bath x XXX 
| x XXX 
* M.L.C. in micrograms per cc. . 


0—No progression; healed without scarring. 
x—Central infiltration; healed with faint scar. 
xx—Dense central infiltration, healed with dense central scar. 
xxx——More than one half cornea infiltrated, healed with dense scar. 
xxxx--Whole cornea infiltrated, healed with complete vascularized scar. 
Perfor.—cornea ruptured. 
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Fig. 4 (Wiggins). Showing treated and control eyes of a rabbit with the “mild” type of infection on the 
third day and one month after inoculation. The right eye was treated by six hourly instillations into the 


conjunctival sac for one day, of 0.1.-percent polymyxin B, starting 18 hours after inoculation. (Top) 
Third day—untreated eye shows infiltration of the center of the cornea. Treated eye appears normal. 
(Bottom) One month—control eye shows central scar. 


and from the heavy suspension of strain 59. 
The control eyes of these rabbits char- 
acteristically showed, within 48 hours after 
inoculation, dense central infiltration of the 
cornea accompanied by the signs of acute in- 
flammation and profuse discharge from the 
conjunctival sac. Within the next two to 
three days, however, recovery would begin 
and, by the end of two to three weeks, heal- 
ing had taken place, leaving a central cor- 
neal scar which varied from a faint opacity 
to a dense vascularized leukoma (fig. 4). 

The second group, or so-called “severe” 
infections, followed inoculation from heavy 
suspensions of strains C and 57. Char- 
acteristically the control eyes, in this group 
showed, within 18 hours after inoculation, 
dense central infiltration of the site of the 
abrasion, frequently extending beyond its 


limits. There was also profuse purulent con- 
junctival discharge and signs of acute inflam- 
mation. 

Within 48 hours, the whole cornea was 
completely infiltrated, and by the end of one 
week after inoculation the corneas of ali but 
three animals had perforated. In Figure 5, 
the control eye shows the appearance at 
various stages in the course of a “severe” 
infection. 


TREATMENT 


Treatment was either by means of five- 
minute corneal baths, twice daily, or by six 
to eight hourly instillations into the conjunc- 
tival sac of saline solutions of the drug, each 
day for periods of one to eight days. 

Solutions of polymyxin B were used in 
strengths of 0.1, 0.25, and 1.0 percent and 
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TABLE 3 
RESULTS OF TREATMENT OF EXPERIMENTAL PYOCYANEUS INFECTIONS: 
B. “SEVERE” TYPE OF INFECTION 


Treatment Results 
Drugs and % | Method of | Daysof | Strain No. & | Number | Treated | Control 
Sasre- Solution Treat- Treat- in Vitro of Eve ve 
tation Used ment ment MIL Rabbits 

6 Polymyxin Corneal 2 Cc 23 2 0 axx 
10% bath 0 perfor. 
18 Polymyxin Drops 8 Cc 3.§ 3 XXX perfor. 
0.1% XXX perfor. 
XXX perfor. a 
Polymyxin Corneal 8 2 Xx perfor. 
1.0% bath xx perfor. # 
Polymyxin Corneal x perfor. 
0.25% bath 34 57 0.62 3 Xx perfor. 
plus XX perfor. 
Streptomycin 
0.5 
Polymyxin Corneal . x perfor. 
0.25% bath 3} 57 0.62 3 x perfor. 
x perfor 
24 Polymyxin | XXXX | perfor. 
0.1% Drops 5 ©''3.$ 3 Xxxx | perfor. 
XXXX | perfor. 
Polymyxin Corneal xx | perfor 
0.25% bath 2} 57 0.62 3 xx XXXX 
XXXX XXXX 
Circulin | Corneal 24 | $7 1.25 3 XXX perfor 
0.25% bath | xxx | perfor 
| | xx perfor 
Streptomycin | Corneal | 24 | 3.5 | 3 xxx | perfor 
1.0% bath xxx | perfor 
perfor. | perfor 
* See Table 2. 


Abbreviations: same as in Table 2. 


treatment was started at intervals of 6, 18, has been classified according to the most 
and 24 hours after inoculation. When the severe stage of infiltration seen grossly and 
experimental lesions appeared to be the same _ the extent of the damage after the acute 
in both eyes, the right eye was treated and process had subsided and healing had taken 
the left kept as a control. When one eye ap-__ place. Tables 2 and 3 summarize the results 
peared to be more severely infected it was of treatment in the two groups. 
selected as the eye to be treated, and the In 11 rabbits with the “mild” type of in- 
other eye kept as untreated control. fection, treatment with 0.1 and 1.0-percent 
polymyxin B, started at 6, 18, and 24 hours 
after inoculation, prevented progression of 
The appearance of the eyes was recorded _ the infection in all of them, whether the in- 
daily in notes and at frequent intervals by fecting organism was relatively resistant 
kodachrome photographs. On the basis of (minimal inhibitory concentration of poly- 
these the course of the infection in each eye myxin—2.5 pg. per cc.) or relatively 
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susceptible (minimal inhibitory concentra- 
tion—0.62 pg. per cc.). An example of this 
group is seen in Figure 4. 

Nine rabbits were inoculated with a strain 
which was resistant ir vitro to streptomycin 
(minimal inhibitory concentration more 
than 160 pg. per cc.) but relatively sensitive 
to polymyxin (minimal inhibitory concentra- 
tion 0.3 pg. per cc.). Three were treated 
with 0.25-percent polymyxin, three with 0.25- 
percent circulin, and three with 1.0-percent 
streptomycin, by means of corneal baths, 
starting the treatment 24 hours after inocula- 
tion and continuing for three days. 

Those treated with streptomycin showed 
no evidence of beneficial effect, the lesions 
_in the treated eyes following the same course 
as the controls. Both circulin and polymyxin, 
however, prevented further extension of the 
lesions while the control eyes progressed to 
the stage of complete corneal infiltration but 
did not perforate. 

In the 19 animals with “severe” infections 
which were treated with polymyxin B all but 
three of the control eyes, but none of the 


treated eyes, perforated. Two animals in- 
fected with a relatively resistant strain 
(minimal inhibitory concentration polymyxin 
in vitro—2.5 pg. per cc.) and treated with 
1.0 percent polymyxin B, beginning six 
hours after inoculation, failed to develop 


progressive infection and the abrasions 
healed without gross scarring. 

When treatment of this “severe” type of 
infection was delayed until 18 hours after 
inoculation, both eyes  characteristically 
showed infiltration of the central area of the 
cornea, which frequently extended beyond 
the limits of the original abrasion and was 
accompanied by a profuse conjunctival dis- 
charge. 

Three rabbits in this group, infected with 
the relatively resistant strain and treated 
with 0.l-percent polymyxin-B solution, 
showed progression of the lesions in both 
eyes, but only the untreated eyes perforated. 
In two rabbits infected with the same organ- 
ism and treated with 1.0-percent solution of 


polymyxin there was no extension of the 
lesions in the treated eyes although the con- 
trols again perforated. 

In six animals infected with a more sensi- 
tive strain (minimal inhibitory concentration 
polymyxin—0.62 pg. per cc.) treatment was 
started when the lesions had reached the 18- 
hour stage, using 0.25-percent solution for 
three of them and the same solution, con- 
taining in addition 0.5-percent streptomycin, 
in the other three. 

Both forms of treatment prevented further 
extension of the infection although the con- 
trols perforated (fig. 5). There was no strik- 
ing difference in the results with polymyxin 
alone or combined with streptomycin. 

In the “severe” infections, by the end of 
24 hours after inoculation there was dense 
infiltration of the central part of the cornea 
extending well beyond the limits of the orig- 
inal abrasion. When treatment was delayed 
until this stage had been reached, the bene- 
ficial effects were not so strikingly evident. 

Three animals infected with the relatively 
resistant strain were treated with 0.1-per- 
cent solutions of polymyxin and, in these, 
the treated eyes continued to show progres- 
sion of the lesions, but although all the con- 
trol eyes perforated none of the treated eyes 
did. 

Nine rabbits were infected with a strain 
which was relatively sensitive in vitro to 
both circulin (minimal inhibitory concentra- 
tion—1.25 pg.) and polymyxin (minimal 
inhibitory concentration—0.62 pg.) and 
quite sensitive to streptomycin (minimal in- 
hibitory concentration—2.5 pg.). Twenty- 
four hours after inoculation, treatment by 
means of corneal baths was started, using 
0.25-percent polymyxin solution for three 
animals, 0.25-percent circulin for three 
others, and 1.0-percent solution of streptomy- 
cin for the remaining three. 

There was no marked difference in the re- 
sults for the three groups and each drug 
showed some beneficial effect. Only one 
treated eye perforated and this was in one 
of the streptomycin-treated rabbits. 
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Treated Untreated 

Fig. 5 (Wiggins). Showing treated and control eyes with the “severe” type of corneal infection. Treat- 
ment was with 0.25-percent polymyxin B administered as a corneal bath (five minutes), twice daily for 
three days, beginning 18 hours after inoculation. (Top) 18 hours after inoculation (before treatment). 
Shows central infiltration of both corneas. (Middle) 48 hours after inoculation. The untreated cornea 
is completely infiltrated while the infiltration of the treated cornea has not spread appreciably. (Bottom) 
15 days after inoculation. The untreated cornea ruptured on the seventh day. The treated cornea shows 
dense central scarring which later diminished in size and density to a faint central opacity. 
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Too few experiments have been done so 
far to compare the effectiveness of treat- 
ment by corneal baths with that by hourly 
instillations into the conjunctival sac. 


DISCUSSION 


A rather extensive literature on the sub- 
ject of treatment of pyocyaneus infections 
of the cornea includes few reports of suc- 
cess until the year 1940. At this time Joy” 
reported beneficial effects in experimental 
infections of the rabbit cornea when large 
doses of sulfapyridine were given orally, 
either before or within six hours after in- 
fection. 

Robson and Scott*” ** reported good re- 
sults in experimental infections with instilla- 
tions of 30-percent solutions of sodium sul- 
facetamide given four or five times daily, if 
the treatment was begun six hours after 
inoculations. 

Somewhat better results were obtained by 
von Sallmann*® in experimental lesions 


treated with sulfadiazine locally by ionto- 
phoresis and combined oral administration, 


when treatment was started 18 hours after 
inoculation. He mentions success with this 
combined therapy in two patients. 

Bellows and others® reported that three 
instillations of 1.0-percent solution of strep- 
tomycin, at two-hour intervals, prevented the 
development of pyocyaneus ulcers in rabbits, 
when started within six hours of the time of 
inoculation. According to the same worker* 
aureomycin as a 1.0-percent solution was less 
effective than streptomycin, preventing ex- 
perimental corneal ulcers in one out of five 
animals when treatment started six hours 
after inoculation. 

The results of in vitro sensitivity tests 
in this study are in agreement with the re- 
ports of others that polymyxin B is a more 
effective antibiotic against Pseudomonas 
aeruginosa than aureomycin or streptomycin 
and is similar to circulin. This was evident 
for strains isolated in widely separated geo- 
graphic areas, both stock and recent. 

Polymyxin B has been shown by others 


to be primarily bactericidal, with a rapidly 
lethal action and against which it is difficult 
to produce resistant strains.** It is stable in 
saline solution for relatively long periods of 
time. 

In the experiments reported here, poly- 
myxin B, applied locally, penetrated the rab- 
bit eye when there were defects in the epi- 
thelial layer. Topical applications did delay 
the migration of corneal epithelium in rats 
to about the same degree as aureomycin; 
however, they did not delay the healing of 
epithelial abrasions in the rabbit’s cornea 
and were well tolerated by the human eye 
when a 0.25-percent solution in saline was 
used. 

When polymyxin B was used locally in the 
treatment of severe infections by Pseu- 
domonas aeruginosa of the rabbit cornea, 
beneficial effects on the course of the lesions 
were observed when treatment (with 0.25- 
percent solution) was started as late as 24 
hours after inoculation, at a time when the 
infections were well advanced. 

On the basis of the findings just men- 
tioned, polymyxin B would seem to merit 
clinical trial in Pseudomonas aeruginosa in- 
fections of the cornea in humans. In addi- 
tion it might be helpful in the treatment of 
surface infections of the eye, due to Gram- 
negative organisms (except the genus Pro- 
teus) which do not respond to other forms 
of treatment. 


SUMMARY 


1. Polymyxin B, on the basis of weight, 
was more effective than either aureomycin 
or streptomycin when tested in vitro against 
85 widely selected strains of Pseudomonas 
aeruginosa. It was effective over a much nar- 
rower range of concentrations than the other 
two substances. 

2. The toxic effects of topical applications 
of polymyxin B on corneal epithelium were 
similar to those of aureomycin, both being 
more toxic than streptomycin. Local applica- 
tions of 0.25-percent solution of polymyxin 
B in saline did not delay the healing of abra- 
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sions of corneal epithelium in rabbit eyes 
and were well tolerated in human eyes. 

3. Penetration into rabbit eyes after local 
administration of polymyxin B was low 
when the epithelial layer was intact but 
higher when there were small defects in the 
epithelium. 

4. Beneficial effects were noted during the 
treatment with polymyxin B of severe ex- 
perimenta! pyocyaneus infections of the 
cornea when it was started as late as 24 
hours after inoculation, by which time the 
lesions were quite well advanced. 

5. No stiiking evidence of increased or 
decreased antibacterial effect was observed 
when sensitivities of five strains of Pseu- 
domonas aeruginosa were tested in vitro 


with combinations of polymyxin B and 
streptomycin, aureomycin, or circulin. 

6. Circulin (Q-19) resembled polymyxin 
B in its antibiotic activity for five strains of 
Pseudomonas aeruginosa tested in vitro, and 
for two strains, tested in vivo. 

7. The suggestion was made that poly- 
myxin B be given a trial in treatment of 
Pseudomonas aeruginosa infections of the 
cornea in humans. 


635 West 165th Street (32). 
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DISCUSSION 


Dr. Henry F. ALLEN (Boston) : It is a privilege 
to discuss such stimulating papers as those of Dr. 
Ross and Dr. Wiggins, as well as the preceding one 
by Dr. Halbert. It is certainly on the basis of such 
fundamental studies as these that a rational basis 
of therapy can be derived. 

During the past six months we have seen four 
cases of pyocyaneus keratitis at the Massachusetts 
Eye and Ear Infirmary, all from the same source. 
I have seen these in consultation with the ophthal- 
mologist of a large industrial plant in the vicinity 
of Boston. The first case occurred last December, 
the second one in March, and the last two within 
recent weeks. 

A note about the epidemiology of these four cases 
is in order. They all followed removal of imbedded 
corneal foreign bodies at the plant dispensary, 
which handles between 10 and 15 such injuries a 
day. The routine of treatment was anesthesia with 
tetracaine and irrigation, following removal, with 
a proprietary sulfonamide drug. 

It is of some interest that the eyes were not 
patched following the removal of the foreign body 
but that the patients were brought back for drops 
every two hours so that they could remain upon 
the job. That is of special interest in view of the 
conclusions of McCulloch, reported in the Archives 
of Ophthalmology in 1943, who found that he 
could produce pyocyaneus keratitis in rabbits only 
when he patched the eyes following trauma of the 
cornea and installation of pyocyaneus cultures. 

The bacteriologic survey of the plant dispensary 


revealed that all instruments and solutions were 
culturally sterile except the proprietary sulfonamide 
solution which was used to irrigate these particular 
eyes following removal of the foreign bodies. That 
gave a positive culture for pyocyaneus, both from 
the dispensing bottle and from stock solutions of 
the same drug. 

The treatment of these cases does not bring 
us to any particular conclusions but I will go 
through it briefly in order that you may form 
some impression of what was done. If I may have 
the lights off, I will show some slides of the first 
case from which the pyocyaneus organisms were 
recovered immediately on the first culture. 

(Slide). This patient was placed on polymyxin, 
1.0 mg. per cc. in the form of local drops every 
hour, and was kept on that for 10 days. The first 
picture shows a somewhat superficial type of in- 
fection by comparison with the ones which we saw 
subsequently. 

(Slide). Here you will see the same eye at the 
end of 10 days, with a rather definite residual 
corneal opacity and central staining area. The eye 
appears white because cortisone was used locally 
in an effort to improve epithelial regeneration. 
Finally, all treatment was stopped and the eye 
healed with a residual opacity such as you see. 

The second eye was not seen in consultation and 
was treated with chloromycetin, That, too, was a 
superficial infection and sensitivity studies were 
not done on that strain. 

In the case of the third and fourth eyes which 
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came in during the past weeks and which led to 
the epidemiologic survey of the dispensary, ma- 
terial obtained from the cornea in the former did 
not result in a positive culture on two attempts. 
Only when the cornea had gone on to complete 
abscess formation and, as a last resort, paracentesis 
was done, was pyocyaneus obtained. By that time, 
the eye was ready for evisceration, but that strain 
of organism was found to be sensitive to 0.5 pg. 
per cc. of polymyxin. 

The last patient entered the hospital within a 
day of the evisceration of the eye which I have just 
described, and a direct smear of the cornea showed 
Gram-negative rods which were confirmed on cul- 
ture to be pyocyaneus. 

That patient was immediately started on poly- 
myxin, 1.0 mg. per cc., with drops every hour, and 
also was given terramycin orally, a gm. a day. The 
organism was sensitive to 0.5 ug. of polymyxin and 
resistant to terramycin. The original lesion was 
dead center in the cornea with a concentric ring 
abscess below Bowman's membrane, and on the 
next day a third concentric zone of edema was 
visible in the peripheral part of the stroma. 

Under treatment the hypopyon receded and the 
lesion seemed to “harden” out. The patient was 
kept on this regimen for 10 days, at the end of 
which time the staining had ceased and cultures 
had become negative. 

The patient then eloped from the hospital—be- 
cause of extreme nervousness he refused to stay 
any longer—and he was followed in the office of 
the consulting ophthalmologist on a daily basis. 
He returned three days ago with a staining cornea, 
a large hypopyon, and a positive culture for pyo- 
cyaneus. He has been readmitted to the hospital. 

The chief conclusion to be drawn from these 
rather random observations is that pyocyaneus is 
often brought to the eye as the result of treat- 
ment rather than as the result of accident. Its role 
as a contaminant of fluorescein, eserine salicylate, 
and neosilvol solutions is well known. The present 
instance is to my knowledge the first in which a 
sulfonamide stock solution was contaminated with 
pyocyaneus. 


Dr. Atson E. Bratey: (lowa City): I am 
sorry Dr. Douvas isn’t here to present the data 
that we have on pyocyaneus in a comparatively 
small group of antibiotics. We have recently seen 
five cases of rather severe burns with pyocyaneus 
contaminations of the skin that extended to the 
eye. Some of these organisms have been shown, 
by sensitivity tests, to be most susceptible to 
gantrisin, a highly soluble chemotherapeutic agent 


which can be used clinically. Most of the strains 
of pyocyaneus that we have had at Iowa City re- 
cently have not been particularly susceptible to 
polymyxin but have been more susceptible to chloro- 
mycetin. 

I think we should congratulate Dr. Ross, who is 
in a small town and has done what I believe to be 
a very severe test of the type of treatment that he 
had to undertake. With as severe an infection as he 
had, you would expect him not to get as good re- 
sults as Dr. Wiggins got. It was to a very severe 
test that he put his polymyxin. 

There is no doubt that certain strains of 
pyocyaneus show susceptibility to polymyxin. I 
have been using polymyxin for about two or three 
years, since a short time after it came out, and I 
felt at first that it was the most effective of the 
antibiotic agents against the pyocyaneus. The fact 
that it does not penetrate the cornea readily also 
points to the fact that you could not expect to 
get any effect on a very severe, deep infection by 
using the polymyxin locally in the form of drops. 
The corneal bath would give a higher concentra- 
tion than merely the drops. Iontophoresis might in- 
crease the concentration, I have not seen any fig- 
ures on the use of iontophoresis with polymyxin. 

I think both Dr. Ross and Dr. Wiggins should 
be congratulated on their work, first to show that, 
in a severe and deep infection, none of the anti- 
biotics, probably, are effective, and certainly poly- 
myxin is not. Polymyxin in some strains of pyo- 
cyaneus may be effective in local therapy. 


Dr. Lupwic von SALLMANN (New York): I am 
sure that Dr. Wiggins is going to answer the ques- 
tions which have been raised and will be able to 
explain the differences in the results reported by 
Dr. Ross and by him, but I would like to say, with 
respect to the discussion of Dr. Braley, that he 
based his conclusions on instillations of solutions of 
polymyxin D in a concentration of probably not 
more than 0.1 percent, whereas, instillations of 
0.25 percent and even 0.5 percent were tolerated 
well by the few patients which had been treated 
successfully in the Eye Institute during the last 
year. 

The corneal baths will reach infections which are 
deep-seated in the posterior portion of the cornea. 

I do not think one can say that only a few strains 
of Pseudomonas aeruginosa are susceptible to this 
antibiotic and other strains not when all of the 
86 strains collected by Dr. Wiggins from various 
parts of North America and of Europe were 
found to be highly susceptible to polymyxin B. 
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THE EFFECT OF ACTH ON EXPERIMENTAL EXOPHTHALMOS* 


Gienn O. Dayton, Jr, M.D. 
Los Angeles, California 


For a number of years many investigators 
have been interested in exophthalmos as it 
is related to the anterior pituitary and the 
thyroid gland. At the present time there can 
be little doubt that the pituitary is related to 
Graves’ disease in general and to the oph- 
thalmopathy in particular. How still remains 
a mystery. This mechanism by which ante- 
rior pituitary substance, or substances, pro- 
duces thyroid hyperplasia or ocular protru- 
sion has not as yet been found. 

Schockaert,’ however, first produced a thy- 
roid hyperplasia and exophthalmos in young 
ducks with anterior-pituitary extracts. Smel- 
ser,? using a thyrotropic anterior-pituitary 
extract, produced an exophthalmos in the 
thyroidectomized guinea pig which was due 
to an actual increase in the orbital contents. 
Pochin*® reported the same findings, using 
dried pig anterior-pituitary extract, except 
the exophthalmos occurred in the unthyroid- 
ectomized as well as in the thyroidectomized 
guinea pig. 

Dobyns,‘ using several methods of measur- 
ing the intercorneal distance of the guinea 
pig, reported exophthalmos in the thyroidec- 
tomized guinea pig without the use of any 
pituitary substance. Furthermore, he showed 
that crude anterior-pituitary extract will in- 
crease considerably the exophthalmos of the 
thyroidectomized guinea pig; as will also a 
thyrotropic hormone labeled Antuitrin T 
which seems to be most rich in the exoph- 
thalmic factor. However, a third substance 
“purified” thyrotropic factor had little if 
any effect in producing an ocular protrusion. 

Dobyns,’ in seeking a substance which 
would produce exophthalmos but not thyroid 
hyperplasia, administered a preparation sepa- 
rated from the thyrotropic fraction called the 

*From the Department of Ophthalmology, 


School of Medicine, University of Buffalo, and the 
Buffalo General Hospital, Buffalo, New York. 
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specific metabolic principle.* This preparation 
did raise the metabolic rate within several 
hours without thyroid hyperplasia but was 
unsuccessful in producing an exophthalmos. 

Jefferies,’ using iodinated pituitary extract 
which inactivated 95 percent of the thyro- 
tropic principle, was able to show that suffi- 
cient exophthalmos and fat-mobilizing activ- 
ity remained to produce a demonstrable ef- 
fect on young guinea pigs. He concluded 
that the role of thyrotropic hormone in ex- 
perimental exophthalmos following pituitary 
injections is at best an auxiliary one and the 
primary factor for this phenomenon remains 
unidentified. 

Jefferies* next injected guinea pigs with 
ACTH for three days taking daily exoph- 
thalmic measurements. He found no change 
in the intercorneal distance. 

At the present time, therefore, experi- 
mental evidence suggests that the thyrotropic 
principle and exophthalmic principle are not 
identical. This would seem true if a reason is 
sought to explain the exophthalmic and thy- 
rotropic effect of crude anterior pituitary 
and Antuitrin T in contrast to only the thy- 
rotropic effect of the “purified” thyrotropic 
hormone. Perhaps, in the process of purifica- 
tion of the thyrotropic hormone. an exoph- 
thalmos-producing substance has been lost. 

Previous investigators have pointed out 
the edema of the orbital tissues of the guinea 
pig made exophthalmic with the use of 
pituitary extract. It seemed possible that the 
effect of ACTH, which is a product of the 
anterior pituitary, on the adrenal cortex of 
the animal might be responsible in some de- 
gree for orbital edema reported in the exoph- 
thalmic animals previously. 

It was also after noting a case of malig- 
nant exophthalmos treated at the Buffalo 
General Hospital with ACTH that the pres- 
ent study was started to determine the rela- 
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Fig. 1 (Dayton). Appearance of patient on ad- 
mission to hospital and before ACTH therapy was 


begun. 


tionship if any between ACTH and the thy- 
rotropic hormone. 


CASE REPORT 

This was the case of a 38-year-old white 
woman who entered the hospital with a 
marked exophthalmos and ptosis of the right 
lid (fig. 1). This followed a thyroidectomy 
eight months previously. Her ocular changes 
had begun two months after surgery. Before 
admission to the hospital, she had had X-ray 
therapy to her pituitary totaling 2,000 roent- 
gen units in the hope of arresting the process. 

In the hospital, she was placed on ACTH, 
receiving 80 mg. per day for six days, a 
total dose of 480 mg. Little change in her 
ocular status took place over the six-day 


Fig. 2 (Dayton). Appearance of patient 
four days before death. 


period of ACTH therapy. However, the day 
following discontinuance of ACTH her ocu 
lar status overnight became critical. 

There was a marked increase in the exoph- 
thalmos which was accompanied by pain 
across the bridge of the nose and forehead. 
The orbital swelling was great enough to 
mask completely the ptosis on the right. She 
was operated that afternoon. A Naffziger 
type of decompression of both orbits was 
done by the neurosurgery department. 

Despite decompression, the exophthalmos 
persisted and the corneas of both eyes be- 
came ulcerated (fig. 2). Ten days later the 
lids were sutured together. The patient pro- 
gressed steadily downhill. Shortly before 
death, she was in severe shock with periods 
of deep cyanosis followed by generalized 
convulsive seizures. Electrocardiograms 
showed complete heart block. The patient 
died two days after suturing her lids. 

The pathologic diagnosis was a diffuse 
myocarditis involving both ventricles with 
distinct dilatation, especially of the right 
heart (fig. 3). Histologic study showed a 
severe subacute myocarditis. There were fo- 
cal and confluent diffuse areas of muscle 
degeneration and necrosis. The inflammatory 
infiltration included many eosinophils, lym- 
phocytes, and macrophages. The skeletal 
musculature was studied in 12 different 
areas. All but one showed the same histiologic 
picture. The process other than in the heart 
was most severe in the extraocular muscles 


(fig. 4). 
METHOD 


The anterior-pituitary product used in this 
study was the “purified” thyrotropic hor- 
mone prepared for clinical investigation by 
Armour and Company ;' and a crude pitui- 
tary preparation prepared for investigation 
by Parke-Davis and Company. The ACTH 
used was that in general use at the Buffalo 
General Hospital. 

Thirty-two guinea pigs were utilized. 
There was an equal distribution between 
males and females. The animals were on a 
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standard guinea-pig diet of purina guinea 
pig pellets, lettuce, and hay. Their weights 
were determined every other day and initial- 
ly they weighed between 200 and 400 gm. 

The intercorneal distance was recorded 
three times daily and forms the basis for this 
report. Some mention should be given as to 
the method of measurement of the intercor- 
neal distance of the guinea pig, particularly 
since the variations of tenths of millimeters 
has been considered as quite important in 
other reports. 

We first used a method suggested by 
earlier reports but in our hands it was found 
inaccurate.* With this instrument, binocular 
vision was impossible, and a large amount of 
parallax was encountered. 

It was felt that the simple method used by 
Pochin of aligning the blades of the calipers 
with the apices of the cornea, holding the 
calipers just above the cornea, is more ac- 
curate, easily accomplished, and demands the 
minimum of effort. A third method was de- 
vised which consisted of a lens with the im- 
age of the animal’s head brought to a focus 
on a ground-glass screen. A pair of hair- 
lines with a Vernier calipers were built into 
the instrument (fig. 5). 

With this instrument, however, the eyes 
of the animal had to be in exact focus which 
necessitated the construction of a platform 
(not shown) with a cradle for the head of 
the animal with the eyes set at the exact 
focal distance. In this experiment we noted 
that a normal variation of the intercorneal 
distance up to 0.5 mm. occurred in a series 
of determinations. 

It is necessary to obtain repeated measure- 
ments of the intercorneal distance for signi- 
ficant findings. The guinea pig possesses con- 
siderable smooth muscle within the orbit and 
has the ability to retract the eyeball up to 
0.5 mm. Furthermore, variations of a few 
tenths of a millimeter occurred with the ac- 
tivity of the animal and also with the time of 
feeding. 

Nevertheless, we do feel, as do other inves- 
tigators, that with successive measurements 


Fig. 3 (Dayton). Photomicrograph of cardiac 
muscle, showing severe muscle necrosis with pre- 
dominate infiltration of eosinophils. 


it is possible to determine the ocular status 
within a few tenths of a millimeter for a 
given day. No one method of measurement or 
combination will give the same reading of 
the intercorneal distance to tenths of a milli- 
meter without some difference because of the 
reasons just mentioned. 

The procedure of thyroidectomizing the 
guinea pig is simple and, by virtue of the 
small anatomy, is suited particularly to the 
talents of the ophthalmologist. However, we 
encountered complications following surgery 
which led to a high mortality. 

One complication was the severance of 
the recurrent laryngeal nerves which is diffi- 
cult to avoid. Another was postoperative 
pneumonia due to aspiration. In the series 
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Fig. 4 (Dayton). Photomicrograph of extra- 
ocular muscle, showing degenerative changes. 


of six thyroidectomized animals, only two 
were considered to be sufficiently recovered 
for valid conclusions as to ACTH therapy. 
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Fig. 5 (Dayton). Instrument used to measure intercorneal distance. 


GLENN O. DAYTON, JR 


All of the thyroids removed were identified 
by histologic section. An attempt was made 
to perform a total thyroidectomy on every 
animal but undoubtedly small bits of the 
thyroid tissue remained. 


FINDINGS 


In the first series, the purified thyrotropic 
hormone from Armour’s* was investigated ; 
24 guinea pigs were used—six were thyroid- 
ectomized and treated, 12 were intact and 
treated, and six served as controls. 

The treated animals received a 3.0 mg. 
dose of the thyrotropic hormone per day for 
a period of three days and then a daily dose 
of 5.0 mg. for 13 days more. On the 10th 
day, seven of the animals, including one 
thyroidectomized, also received ACTH thera- 
py. The ACTH administered amounted to a 
total dose of 3.0 to 4.0 mg. per day which 
was ample considering the size of the ani- 
mal. The remaining treated animals con- 
tinued with the daily injection of the purified 
thyrotropic hormone. 

After ten days of administration of puri- 
fied thyrotropic hormone to 12 intact guinea 
pigs, no significant increase in the inter- 
corneal distance was noted. On the 10th day, 
to half or six of this group of animals, 
ACTH was administered along with the 


purified thyrotropic hormone. We still failed 


* Assayed and found to contain three to five 
Junkmann-Schoeller units per mg. 
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to note any change in the intercorneal dis- 
tance. 

Only two (fig. 5) of the six thyroidecto- 
mized animals were considered as recovered 
sufficiently for any conclusions. One of the 
animals did develop an exophthalmos which 
amounted to an increase of 1.8 mm. As 
pointed out previously, the thyroidectomized 
animal develops some degree of exoph- 
thalmos spontaneously. 

However, this increase occurred rather too 
rapidly after the administration of the 
purified thyrotropic hormone to be explained 
only on this basis. This animal also re- 
ceived ACTH on the 10th day of thyrotropic 
hormone treatment but little change oc- 
curred in the intercorneal distance, and a 
plateau seemed to be reached which was not 
influenced by the introduction of ACTH. 

The other thyroidectomized animal which 
received the purified thyrotropic hormone 
but not the ACTH developed an exoph- 
thalmos with an 0.8-mm. increase in the 
intercorneal distance. This could be due to 
the thyroidectomy and is more in keeping 
with the usual curve found in an operated 
animal. 

In the second series the crude anterior- 
pituitary hormone from Parke-Davis was 
studied in its relationship to ACTH. Eight 
intact guinea pigs were utilized—six were 
treated and two served as controls. 

The six treated animals received a daily 


Fig. 6 (Dayton). View of exophthalmic pig 
(right) with control (left). 


dose of extract equivalent to 25 Junkmann- 
Schoeller units of thyrotropic hormone. All 
developed a measurable exophthalmos_ be- 
tween one and two mm. within four days. 
Three of these animals also received a daily 
injection of 4.0 mg. of ACTH. No signifi- 
cant difference in the intercorneal distance 
was noted in these two groups. The animals 
were killed on the 10th day. The pathologic 
changes in the orbit in both groups were con- 
sistent with those reported by other investi- 
gators.® ® 

Smelser® recently published that ACTH 
has no influence on experimental exoph- 
thalmos. These findings are in agreement 
with his ; however, more investigation, which 
is in process, needs to be done with the 
purified thyrotropic hormone before conclud- 
ing that it lacks the exophthalmic factor. 

1401 South Hope Street. 
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Discussion 


Dr. Loranp V. Jounson [Cleveland]: I think 
Dr. Dayton’s paper is a distinct contribution, espe- 
ciully his new technique for intercorneal measure- 
ments. I do not believe I understood, if he told us, 
of the basal metabolism rate after the ACTH had 
been discontinued, or whether that was measured 
or not. 

I would like to ask him whether he thinks that 
the circumstances leading up to death were thyro- 
toxic or whether the orbit was in keeping with the 
thyrotropic type of syndrome. 

Studies like this make a very distinct contribu- 
tion. It follows very closely the findings of Jefferies, 
who I believe also used DOCA, the preparation fol- 
lowing the action of ACTH on the adrenal cortex, 
and he likewise obtained similar negative results. 


Dr. Joun M. McLean [New York]: It is in- 
teresting to note that a number of observers clin- 
ically have attempted to use ACTH, as was ap- 
parently done in the clinical case described here, for 
treatment of progressive postoperative exophthal- 
mos, whereas the essayist, following a clinical case 
of unsuccessful treatment, has attempted to use it 
to produce exophthalmos of similar type. As far as 
I have been able to find out, attempts in either direc- 
tion to alter the exophthalmic picture have been 
totally unsuccessful. 

Some mention was made of the changes in 
muscle fibers. This, of course, is what we usually 
find when muscle is studied, either postmortem or 
in biopsies, in all these motor sites, although we are 
inclined to forget that and stress the effect on the 
extraocular muscles only. 

There were some things in the biopsy that in- 
terested me very much, particularly the tissue eosin- 
ophilia. I would like to ask the essayist about his 
studies in circulating eosinophilia when the ACTH 
treatment was used and before it was used. We 
have seen some effects, not on the exophthalmos 
but on the by-products of the exophthalmos, in the 
so-called malignant casés, which are obtainable 
just as well by the local use of cortisone. That, of 
course, is simply symptomatic relief with some re- 
duction in the marked chemosis and inflammatory 
evidence in the eye without any effect on the abso- 
lute position of the eye in the skull, 


Dr. Joun W. Henperson [Rochester, Minne- 
sota]: I agree, as does Dr. McLean, that the use of 
ACTH in the treatment of malignant exophthal- 
mos has been disappointing. However, we have not 
seen any case that we thought became worse as the 
result of the use of ACTH. Much is going to be 


gained by studying biopsies from these cases and 
it certainly ig an interesting speculation as to what 
effect the ACTH might have had on the eosin- 
ophilia of the soft tissue in the orbit. 

We are not convinced that a true thyrotoxic or 
thyrotropic type of exophthalmos exists. We are 
more inclined to regard them all as a degree of 
the same pathologic process. 


Dr. Gitenn O. Dayton, Jr. (closing): I would 
like to support what Dr. Henderson said “that we 
are not convinced that there is a thyrotoxic versus 
a thyrotropic type of ocular change.” However, I 
think this is commonly taught in quite a number 
of textbooks and by many clinicians. Clinically and 
experimentally I agree with him, that exophthalmos, 
as related to the thyroid, is pituitary in origin. I 
think that the so-called thyrotoxic pathologic 
changes in the orbit, which have been reported, have 
not been substantiated. 

As far as the influence of the ACTH on the 
eosinophilia is concerned, I am afraid that I can- 
not throw any light on that. I could not explain it 
in the patient reported. 

Regarding Dr. McLean's theory about the myo- 
cardium, the muscle findings somewhat resemble 
what we usually find in the so-called thyrotropic 
exophthalmos. However, they do differ qualitatively 
inasmuch as they are more severe. There is actual 
recrosis of the myocardium and of the extraocular 
muscles. They also differ quantitatively by the 
marked eosinophilia. However, in order to show the 
eosinophilia, we had to use special staining tech- 
niques. 

The cases that had been previously reported with 
malignant exophthalmos, in which the patient had 
died, and there were a few of them, described the 
extraocular muscles but said nothing about the 
heart. 

Dr. Johnson asked if the pathologic findings in 
this patient were consistent with the thyrotropic 
syndrome. No, they were not, because they were 
more severe. She also had an eosinophilia. If there 
hadn't been involvement of the extraocular muscles 
and of most of the skeletal musculature, the patho- 
logic picture in the heart would have been labeled 
Fiedler’s myocarditis. 

Dr. Johnson also raised the question as to the 
basal metabolism rate of the patient after adminis- 
tration of ACTH. It was not done. After thyroid- 
ectomy, her basal metabolism rate was plus 15 
percent. She had been on some thyroid previous to 
admission to the hospital. 
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STUDIES ON THE VISUAL TOXICITY OF METHANOL* 


I. THE EFFECT OF METHANOL AND ITS DEGRADATION 
ON RETINAL 


PRODUCTS 


METABOLISM 


Avsert M. Ports, M.D., Lors Np V. Jounson, M.D. 
( With the technical assistance of Doris Goodman, B.S.) 
Cleveland, Ohio 


The clinical manifestations of methanol 


poisoning are adequately described in stand- 


ard textbooks and the visual symptoms need 
not be recounted. In regard to incidence, it 
will suffice to say that six percent of all 
blindness in a series of World War II vet- 
erans was the result of methanol poisoning.' 
The figures for additional fatal cases are not 
yet available. 

The theory of methyl alcohol intoxication, 
on the other hand, is in a completely un- 
satisfactory state; and when one looks for 
the actual toxic agent in methanol poisoning, 
the toxic mechanism, or the anatomic site, 
the literature can offer only a series of con- 
tradictory statements. Extensive reviews are 
given by Keeser and Vincke? and by Rge.° 

The early idea that methanol toxicity was 
actually due to impurities in the wood al- 
cohol was soon abandoned,* even before syn- 
thetic methanol reached the commercial 
market and it was found that the symptoms 
of methanol poisoning were unchanged with 
it. Nevertheless, a paper naming allyl al- 
cohol as the culprit appeared as late as 1928.° 

Opposed to this, the theory that methanol 
itself is the toxic agent has been reiterated 
in recent years. Mogilnitzkie® claimed that 
methanol was a specific poison for the 
autonomic nervous system and Simon’ de- 
scribed a specific fractional precipitation of 
blood proteins by methanol itself as the toxic 
mechanism. 

More numerous have been the advocates 


* From the Laboratory for Research in Ophthal- 
mology, Western Reserve University. This work 
was supported by a grant from the Office of Naval 
Research. A preliminary report on this material was 
given before the East Central Section of the Asso- 
ciation for Research in Ophthalmology, Cincinnati, 
Ohio, January , 1951. 
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of formaldehyde, a direct methanol oxidation 
product, as the toxic agent. Among these are 
Flury and Wirth* who specifically mentioned 
disturbance of oxidative enzymes as the pos- 
sible mechanism in visual toxicity, and 
Keeser and Vincke* who demonstrated the 
presence of formaldehyde in methanol-liver 
homogenate. 

Contemporaneous with the formaldehyde 
advocates are those who claim that formic 
acid formed in the body from methanol is 
the actual toxic agent and these workers cite 
the known acidosis of methanol poisoning as 
proof of their theory. 

In 1912, Harnack® claimed toxicity for 
the formate ion, and more recently Kaplan 
and Levreault,’® Rge,* and Bogen" have em- 
phasized formic acid and acidosis as the toxic 
mechanism. Bogen, in addition, discussed the 
persistence of formic acid in the eye as con- 
trasted to other organs. 

The question of the anatomic localization 
of the ocular damage is also still somewhat 
unsettled. A number of workers***** have de- 
scribed damage to the ganglion-cell layer of 
the retina in humans, but the question of 
natural autolytic changes has never been 
satisfactorily answered. 

In experimental animals where autolysis 
has been controlled there are a number of re- 
ports of negative retinal findings.’*** Rge* 
tends to attribute this to a physiologic differ- 
ence between man and the experimental ani- 
mals and cites the greater acidosis found by 
him in man as a parallel and significant 
species difference. This is by no means estab- 
lished by the work of other investigators. 

Finally, the very obvious ophthalmoscopic 
findings of optic neuritis and later optic 
atrophy may not be neglected, but whether 
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this involvement is primary or merely sec- 
ondary to ganglion-cell damage is not clearly 
established. 

In attempting to approach the mechanism 
of methanol poisoning with a view toward 
rational therapy, one of the areas of confu- 
sion already outlined and amenable to inves- 
tigation is the nature of the proximal toxic 
agent. It is this aspect of the problem with 
which the present paper is concerned. 

For purposes of this preliminary study 
the optic nerve has been temporarily disre- 
garded and the metabolic activity of whole 
retina, either intact or homogenized, has 
been the test object. Later, histochemical 
studies designed to separate the activity of 
the various layers will only be mentioned in 
passing. 

We believe studies of the whole retina to 
be justified for preliminary exploration be- 
cause of the similarity of metabolic activity 
in all of the central nervous system and the 
elaborate nature of experiments on separate 
retinal elements. The effects on selected reti- 
nal metabolic activities of methanol, formal- 
dehyde, and formate were measured by 
standard methods and the results of these 
experiments are the basis of this report. 


METHODs 


Single, whole, beef retinas or homogenate 
equivalent to one retina (for glycolytic ex- 
periments one-half retina equivalent) were 
shaken in a Warburg vessel with air for 
oxidation experiments and five-percent CO, 
to 95 percent N, for anerobic glycolysis ex- 
periments. At zero time the appropriate sub- 
strate was tipped in from the side arm and 
oxygen consumption or CO, production were 
measured manometrically. 

Substrate concentrations were : acetylcho- 
line, O.19M, glucose, 0.02M, succinate, 
0.02M, hexosediphosphate, 0.004M. Ex- 
periments were run for 30 minutes or one 
hour, depending on rate of reaction. Glucose 
disappearance was measured by the method 
of Hoffman ;"* lactic-acid production was 
measured by the method of Barker and Sum- 


merson ;** triose phosphate was measured by 
the inorganic phosphate formed (method of 
Fiske and Subbarow*) by 20 minutes hy- 
drolysis in N/1 potassium hydroxide at room 
temperature. In the aldolase experiments tri- 
ose was trapped in a 10-times excess of bisul- 
fate. Acetylcholine was determined by the 
method of Hestrin.™ 

Inhibitors used were reagent grade metha- 
nol, formaldehyde, and formate. Exact for- 
maldehyde determinations were done for free 
formaldehyde by the method of Tannen- 
baum and Bricker** and for total formalde- 
hyde by the dimedon gravimetric method.?* 

In this work formate was used instead of 
formic acid because formate is the natural 
oxidation product of methanol. The oxida- 
tion of a dose of methanol takes place over 
a period of several days and the body buffers 
convert the minute amounts of formic acid 
to formate instantly. Thus at no time is any 
appreciable quantity of formic acid liberated 
while a pH compatible with life is main- 
tained. 


RESULTS 


The activities measured and the concentra- 
tion of inhibitor to cause 50-percent inhibi- 
tion of the activity are given in Figures 1 to 
4. In Figure 1 is shown the effect of the 
three inhibitors on oxygen uptake and CO, 
production with no added substrate. It is 
easily seen that the activity of formaldehyde 
is 1,000 to 3,000 times that of methanol and 
25 to 75 times that of formate. 

In Figure 2 where the effect on cholinester- 
ase is pictured, formaldehyde is still the 
most potent inhibitor but even formalde- 
hyde must be present in 0.06M concentration 
to cause 50-percent inhibition. No concentra- 
tions of methanol or formate which could be 
readily produced sufficed to inhibit the sys- 
tem significantly. The high resistance of 
cholinesterase to all three inhibitors makes 
it an unlikely point of attack in methanol 
poisoning. In Figure 3, two of the enzyme 
activities in the glycolytic scheme have been 
isolated and tested. These are the enzymes 
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that convert hexose diphosphate to two mole- 
cules of phospho-glyceraldehyde. As before, 
formaldehyde is the most potent inhibitor 
by over 20 times, but here, too, the formalde- 
hyde dose to give 50-percent inhibition is 
high. 

In Figure 4 formaldehyde effect on a mis- 
cellaneous selection of enzyme activities is 
noted. It should be observed that with glucose 
as substrate 0.001M formaldehyde inhibits 
both oxygen uptake and glycolysis by one 
half. The glycolytic activity has been triply 
checked by measuring CO, production, glu- 
cose disappearance, and lactic acid formation 
and there is agreement between all three de- 
terminations. 

It should be particularly noted that, in 
both oxidation and glycolysis with hexose 


Leveis OF METHANG AND OKIOATION 
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Fig. 1 (Potts and Johnson). The effect of the 
three inhibitors on oxygen uptake and CO; pro- 
duction with no added substrate. 


LEVELS OF METHANOL AND OXIDATION 
PRODUCTS WHICH GIVE 50% INHIBITION 
OF RETINAL METABOLISM 

C. Cholinesterase 


FORMATE 


& 3 


Fig. 2 (Potts and Johnson). The 
effect on cholinesterase. 


diphosphate as substrate, much more for- 
maldehyde is required to inhibit than with 
glucose ; this will be discussed later. 

The oxidation of succinate is relatively 
resistant to inhibition by formaldehyde and, 
although this is not shown here, it is even 
more resistant to methanol and formate. 

Finally, another isolated glycolytic activity 
—triosephosphate dehydrogenase—is shown 
to be inhibited relatively little by formalde- 
hyde. 

Discussion 


It is ordinarily assumed in the light of re- 
cent toxicologic work that the harmful ac- 
tion of a toxic substance is mediated by in- 
hibition of essential enzyme systems in the 
poisoned tissue.** Thus, in order to demon- 
strate the toxic mechanism of a given sub- 
stance, it must be demonstrated, first, that 
the substance is capable of inhibiting enzyme 
systems. Secondly, it must be shown that un- 
der actuap conditions of poisoning, enzyme 
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LEVELS OF METHANOL AND OXIDATION 
PRODUCTS WHICH GIVE 50% INHIBITION 
OF RETINAL METABOLISM 


D. Aldolase (+triose Isomerase) 


MOLARITY METHANOL 
»> 25M 


FORMATE 
12M 


osm 


Fig. 3 (Potts and Johnson). Two of the enzyme 
activities in the glycolytic scheme have been 
isolated and tested. 


inhibitory concentrations are produced in the 
body. 

Finally, it is desirable from the viewpoint 
of therapy to be able to demonstrate a spe- 
cific enzyme system or enzyme type which 
is more susceptible than others to the par- 
ticular poison in question; for the chemical 
study of this enzyme type offers hope that a 
chemical competitor may be designed for the 
toxin-enzyme reaction ; that ts, a therapeutic 
agent. 


rABLE 1 
‘THEORETICAL ASPECTS OF METHANOL EYE TOXICITY 


Minimum dose of methanol to 
cause human eye effects 

Dose required for 50°) inhibi- 
tion of retinal glycolysis 


6.0 m. mol. /kg. 


Methanol 3,000.0 m. mol. /ke 
Formaldehyde 1.0 m. mol. /kg 
Formate 25.0 m. mol. ‘ke 


Dose of acid tolerated by exper 
imental animal in one intra- 
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venous infusion™® mol. /ke. 


The first and most obvious conclusion 
from the results presented above is the in- 
variably greater inhibition by formaldehyde 
of all enzyme systems studied. The decreas- 
ing toxicity of formaldehyde > formate > 
methanol is likewise preserved and the differ- 
ence in activity between formaldehyde and 
methanol is for most systems in the order of 
magnitude of 1,000 times* This finding is re- 
flected in the systemic toxicities of the sub- 
stances in question.*:** On this basis one has 
in formaldehyde a relatively highly toxic sub- 
stance. 

In considering the second criterion, that 
of adequate toxic concentration, a few ap- 
proximate calculations will help to clarify the 
situation. According to Wood and Buller* 
one to two teaspoonfuls of wood alcohol 
have caused blindness in authenticated cases. 


CONCENTRATIONS OF FORMALDEHYDE 
GIVING 50% INHIBITION OF 
MISCELLANEOUS METABOLIC ACTIVITIES 


OXYGEN UPTAKE ANEROBIC GLYCOLYSIS 


(Homogenate) 
MOLARITY 
HOP 


Fig. 4 (Potts and Johnson). Formaldehyde effect on 
a miscellaneous selection of enzyme activities. 


* Since this work was first reported, a paper has 
been presented confirming the above findings on 
the metabolism of liver slices. (Watts, D. T.: 
Federation Proc., 10 :343, 1951. 
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To give ample margin for error, let us call 
this amount 10 ce. In a 50-kg. patient this, 
if evenly distributed, would be a final con- 
centration of 5.97 m. mol./kg. Table 1 shows 
the comparison between this and retinal in- 
hibitory concentrations of the substances 
studied. 

There is no record of any visual effect of 
acidosis but the systemically tolerated single 
dose of strong acid is presented for compari- 
son. It is evident that 10 cc. of methanol is 
far under the inhibitory concentration and 
even if this were quantitatively converted to 
formate there would not be enough formate 
to be inhibitory. If the conversion were in- 
stantaneous instead of over a period of days 
the acid formed would be tolerated easily. 
Thus, only formaldehyde would be present in 
inhibitory concentrations and, to give 50-per- 
cent inhibition, the conversion of methanol 
to formaldehyde would have only to be 18- 
percent efficient. 

It is apposite to point out here that the old 
objection to the formaldehyde theory on the 
basis of the difficulty of chemically demon- 
strating formaldehyde in tissue is not a valid 
The measurable 
amounts of formate is sufficient proof that 
formaldehyde is constantly being formed 
and disappearance is exactly what one would 
expect of a substance reactive enough to be 
poisonous. 

The third point, that of a specific site of 
action, also receives some light from the ex- 
perimental results. It is observed that, in 
both oxidation and glycolysis, metabolism 
is more easily inhibited if glucose is the sub- 
strate rather than hexose diphosphate. Since, 
for utilization in either of these two proc- 
esses, glucose must first be phosphorylated 
to hexose diphosphate it is logical to assume 
that this two-step phosphorylation is the most 
easily inhibited of all the reactions in the 
metabolic chain. More careful study of these 
reactions is under way at present. 

On the question of anatomic localization 
of methanol action within the retina, a small 
amount of preliminary work has been done 


one. very presence of 


using histochemical techniques. So far the 
formaldehyde inhibition of formazan forma- 
tion from neotetrazolium® with a series of 
substrates has not been found to be confined 
to a single anatomic layer. 

An aside is in order here on the role at- 
tributed by recent workers****” to formic 
acid and acidosis in acute methanol intoxi¢a- 
tion. That acidosis occurs in humans is be- 
yond question. That it is “obviously the con- 
dition which is responsible for the death of 
human beings” (Reference 3, p. 131) is by 
no means so certain. Not even its strongest 
advocates have contended that acidosis is re- 
sponsible for the eye effects.® 

Furthermore, Rge in his review contends 
that experimental animals do not show 
acidosis to the same degree that humans do, 
and that death in these animals is not due to 
acidosis. 

Finally, the acidosis which does undoubt- 
edly exist in humans cannot be accounted for 
on the basis of even complete conversion of 
a minimum lethal dose of methanol to formic 
acid over a period of several days. On the 
basis of blood-formate concentrations only 
three to 20 percent of the alkali reserve defi- 
cit is due to formic acid (Reference 3, p. 
111). The explanation given for the acidosis 
is that the formate-ion inhibits “oxidase.” 

We have shown that formaldehyde is a 
much more potent inhibitor of oxidation in 
retina than is formate, but it is even a more 
potent inhibitor of glycolysis. Thus, the in- 
hibitory phenomenon which is considered to 
be the cause of the acidosis by its proponents 
is not demonstrable in vitro. The acidosis 
itself may only be used to account for death 
in man but not for death in experimental ani- 
mals or eye effects in either—an extremely 
unlikely situation. 


SUMMARY 


1. The inhibitory effect of methanol, for- 
maldehyde, and formate has been measured 
on a number of the enzymic reactions of 
surviving beef retina. 

2. In all cases so far investigated formal- 
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dehyde is the most potent inhibitor of the 
three substances tested—by at least an order 
of magnitude over formate and by two to 
three orders of magnitude over methanol. 
3. The enzymic process most sensitive to 
formaldehyde inhibition is glycolysis. Under 


stances tested and from the minimum dose 
of methanol known to cause eye effects, only 
formaldehyde is likely to be present in in- 
hibitory concentrations after such a dose. 

7. The postulates of formate activity on 
tissue “oxidase” of previous workers are 


our conditions 0.001M formaldehyde gave not substantiated by the present work, and 
50-percent inhibition of retinal glycolysis. the role of acidosis is a highly questionable 
4. Preliminary studies indicate that the one. 
site of inhibition of glycolysis lies in one or 8. From the material presented above, we 
both of the phosphorylation steps. believe that the proximal toxic agent in 
5. Early results with tetrazolium salts methanol poisoning is formaldehyde. 
show no anatomic localization of formalde- University Hospital (6). 
hyde inhibition. 
6. By approximate calculation from the The discussion of this paper will be found on 
inhibitory concentrations of the three sub- page 123. 
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STUDIES ON THE VISUAL TOXICITY OF METHANOL* 


Il. THE EFFECT OF PARENTERALLY ADMINISTERED SUBSTANCES ON THE SYSTEMIC 
TOXICITY OF METHYL ALCOHOL 


Anita Peek Gitcer, M.D., Acsert M. Ports, M.D., Loranp V, Jonnson, M.D. 
Cleveland, Ohio 


This study is a portion of a lengthier in- 
vestigation of various substances and fac- 
tors which may possibly influence the course 
of methanol poisoning in the whole animal. 
It approaches from another direction the 
problems posed in paper I of this series.’ 

The use of the whole animal rather than 
the eye, or portions thereof, is one approach 
to the problem of the proximal toxic agent 
in methanol poisoning; for either an in- 
crease or a decrease in toxicity caused by a 
specific substance throws added light on the 
toxic mechanism. This approach presents 
the added feature that, in its course, a 
therapeutic agent may be found more readily. 

The study is based on the assumption 
that at least some of the systemic and eye 
effects are the same. The mechanisms of 
systemic and ocular toxicity of methanol 
are equally unknown, and systemic effects 


* From the Eye Service, Department of Surgery, 
University Hospitals, and the Laboratory for Re- 
search in Ophthalmology, Western Reserve Uni- 
versity. This work was aided by a grant from the 
Office of Naval Research. A preliminary report on 
this material was given before the East Central 
Section of the Association for Research in Ophthal- 
mology, Cincinnati, Ohio, January, 1951. 


can be investigated much more readily in ex- 
perimental animals. 

This report is concerned specifically with 
the influence of tetraethyl thiuramdisulfide 
(antabuse), glycine, cysteine, cortisone 
acetate, and ethyl alcohol on the course of 
methanol poisoning in the mouse. 

Antabuse was studied in an endeavor to 
clarify the mechanism of methanol toxicity 
from a new direction. Methanol in the body 
is oxidized to formaldehyde, then to formic 
acid, and then—but very slowly—to carbon 
dioxide and water.”* Ethyl alcohol like- 
wise is oxidized first to acetaldehyde, then 
acetic acid, and finally to carbon dioxide 
and water.** In contrast to the behavior 
with methanol, this last reaction occurs 
rapidly. 

It has been shown by the original investi- 
gators® that antabuse inhibits the activity of 
aldehyde oxidase which is necessary to con- 
vert acetaldehyde to acetic acid, and that the 
piling up of the aldehyde causes the increase 
in toxic symptoms. Since the aldehyde oxi- 
dases for both acetaldehyde and formalde- 
hyde are believed to be the same,’ antabuse 
might be expected to inhibit formaldehyde 
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oxidase and cause a piling up of formalde- 
hyde, resulting in an increase in the toxicity 
of methanol. 

Our investigation of amino acids for pos- 
sible antagonistic action against methanol is 
based on the hypothesis that Sgrenson’s for- 
mol titration works in the animal as well as 
in the test tube. The generally published 
formulation for the amino acid-formalde- 
hyde reaction is as follows: 


NH: 


He also claims that ethyl alcohol affects the 
latent period favorably, saying, “Prolonga 
tion of the latent period beyond 24 hours is 
always due to the consumption of ethyl 
alcohol.” 

Rge’s conclusions were based entirely on 
clinical impressions of cases singled out 
from his larger series, with no adequate con- 
trols. However, the results of Zatman,"' 
demonstrating in vitro inhibition of methanol 


N=CH: 
| 


H; -COOH + H—C-H H:—C—COOH + 


Glycine 


However, neither the formulation nor the 
stability of the Schiff's base are firmly estab- 
lished. 

Ratner and Clarke* demonstrated that 
cysteine combined with formaldehyde to 
form a stable, cyclic compound, thiazolidine- 
4-carboxylic acid. Cysteine therefore looked 
promising for trial as an antidote to meth- 
anol poisoning because of its formation in 
vitro of such a stable compound with for- 
maldehyde. 

Cortisone acetate has proven effective 
against a number of toxic substances; con- 
sequently its possible effects against meth- 
anol were tested in a small series of animals. 

In their clinical application, the ethyl- 
alcohol studies are most important. In a 
paper in 1943,° and in his 1946 Acta Medica 
Scandinavia monograph on methanol poison- 
the Norwegian ophthalmologist, Re, 
urged the use of ethyl alcohol in the therapy 
of methanol poisoning. Rée emphasizes the 
following statements : 


“One can hardly doubt that the consumption of 
ethyl alcohol just before or during methanol poison- 
ing is the chief cause of the great tolerance shown 
by some individuals. . . . 

“The fact that even severe symptoms quickly 
vanish after the consumption of ethyl alcohol late 
in the course of the poisoning (see case nr. 17) 
shows that ethyl alcohol not only arrests the fur- 
ther increase of acidosis, but also reduces it.” 


Rge defines as the latent period, “the in- 
terval between the onset of poisoning and 
the appearance of clinical manifestations.” 


+ Formaldehyde > “Schiff Base” + Water 


oxidation by ethyl alcohol, lend plausibility 
to the theory. Because of Rge’s publications, 
ethyl alcohol has since been administered 
therapeutically in methanol poisoning of 
United States Navy personnel.” 

Although ethyl alcohol has been found to 
have a synergistic action with methanol on 
the isolated enzyme system of xanthine 
oxidase and on the behavior of rats in a 
maze, to our knowledge, no previous con- 
trolled studies have been made with acute 
toxicities. 


MATERIALS 


Mice. Young adult, presumably male, 
Swiss albino mice from the Albino Farms 
were used. They were fed a diet of “Fris- 
kies.”* 

Methanol. Absolute methanol (Merck 
reagent) was diluted with two volumes of 
distilled water, and the resultant solution 
was used for injection. 

Formaldehyde. Thirty-seven percent (by 
weight) formaldehyde (Merck) was used. 
Standardization by the method of Tannen- 
baum and Bricker’® showed two thirds of 
this to be “free.” One hundred percent of 
the material was available for precipitation 
by dimedon in the usual gravimetric deter- 
mination.%* Solutions for single injections 
producing the approximate L.D.s5>. were 
made to contain 3.17 mg. “free” formalde- 


* Dog biscuits made by Albers Milling Company. 
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hyde/cc. Somewhat stronger solutions were 
prepared for higher dosages. 

Antabuse. This was administered in four- 
percent solution 
gelatin (U.S.P.). 

Glycine. A five-percent aqueous solution 
was used. 

Cysteine. The free base was obtained from 
Nutritional Biochemicals Corporation and 
made into a 1.8-percent aqueous solution. 
Because of the instability of cysteine in 
water,’ fresh solutions were made im- 
mediately prior to each injection. 

Thiasolidine-4-carboxylic acid was pre- 
pared by Dr. John W. Patterson by the 
method of Schubert.'"* An aqueous solution 
containing 20 mg./cc. was used for injec- 
tions. 

Cortisone acetate. The Merck suspension 
was diluted with a one-percent by weight 
aqueous gelatin solution to make solutions 
containing 0.4 mg. and 0.6 mg. cortisone/cc. 

Ethyl alcohol. Ninety-five-percent ethyl] 
alcohol was diluted to make aqueous solu- 


containing one-percent 


tions of the following concentrations : 

a. Twenty percent by weight for experi- 
ments using 2 gm./kg. mouse. 

b. Four percent by weight for experi- 
ments using 0.674 gm./kg. for the first in- 
jection and 0.404 gm./kg. for subsequent 
ones. 

c. Two percent by weight for experi- 
ments using 0.17 gm. /kg. 

In general, the strength of the various 
solutions was selected with the object that 
the volumes injected be sufficiently large for 
accuracy of measurement and _ sufficiently 
small that the total intraperitoneal injections 
at one time would not harm the mice. The 
pH of all solutions was between 7.4 and 6.2, 
except for thiazolidine-4-carboxylic acid 
which was approximately 4.5. 


MetHops 


All substances were administered by in- 
traperitoneal injections. Methanol and form- 
aldehyde were given in a single dose so 


that the experiments would deal with acute 
toxicities. The modifying substances were 
given at time intervals varying to permit 
maintenance of their body levels for the 
first two days following introduction of the 
toxic agent. 

Mice were weighed prior to their initial in- 
jections, marked if necessary, and individ- 
ual inoculations calculated on the basis of 
individual weights. 

When methanol or formaldehyde was used 
in amounts in the region of the L.D.so, con- 
trols of these toxic substances were run with 
every experiment. In a few instances when 
amounts of methanol less than the minimum 
lethal dose were used, and in one other case 
(Experiment 14) the controls were not run 
simultaneously. 

The dosages of the modifying substances 
studied were sublethal and, in most cases, 
subtoxic, with a few exceptions noted in the 
individual sections. 


ReEsULTS* 


Il. MeTHANOL 


Albino mice were given single intraperi- 
toneal injections of methanol. Figure 1 
shows the typical, sigmoid toxicity curve 
obtained from our results. Each dot repre- 
sents the results obtained from the use of 
from five to 10 mice. The number of mice 
for each dot averaged nine. 

All mice receiving 4.0 gm./kg. survived ; 
they showed slight ataxia for less than an 
hour following injection, but none exhibited 
narcosis. At 5.5 gm./kg. the mice displayed 
ataxia with, or without, light narcosis. 

Criteria of light narcosis are the follow- 
ing signs Munch and 
Schwartze :* stupor and immobility except 
in response to pain. Also by the definition 
of the same authors, deep narcosis produces 
the clinical picture of comatose animals with 


described by 


* The data are presented in graphic form, Pro- 
tocols of any experiments reported in this paper 
may be obtained on application to the authors, 
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PERCENT 
DEATHS 


DOSAGE 
Grams Methanol per Kg mouse 


Fig. 1 (Gilger, Potts, and Johnson). Acute toxicity 
from methanol in white mice. 


absent pain and corneal reflexes and with 
occasional involuntary reflex motions in 
some animals. 

ty 7.3 gm./kg. some mice were in deep 
narcosis following injection; the rest were 
in light narcosis. From a level of 10.0 gm./ 
kg., or higher, the mice usually enter into 
deep narcosis within a few minutes follow- 
ing injection. A portion died without recover- 
ing from deep narcosis; others recovered, 
but ultimately died; the rest survived. 

Fatal terminations following recovery 
from deep narcosis usually occurred within 
24 hours after injection. As a rule, survivors 
became normal and active by the end of 48 
hours. The return of the fur to its usual 
sleek appearance was the last step in re- 
habilitation. 

From a level of 10.0 gm./kg. and higher, 
the interval between introduction of meth- 
anol and occurrence of death was~roughly 
inversely proportional to the amount of meth- 
anol. Four out of 203 mice receiving 11.0 
gm. methanol/kg., or less, died within 30 
minutes after injection. They were excluded 
since death was explicable on the basis of 
injection trauma (for example, ruptured 
spleen). No deaths which we considered at- 


tributable to methanol occurred later than 
four days following injection. 


II. FORMALDEHYDE 

Figure 2 portrays formaldehyde toxicity. 
Each dot represents the results obtained 
from the use of from four to 10 mice. The 
number of mice for each dot averaged eight. 
The approximate L.D.s—5 was 0.07 gm. form- 
aldehyde/kg. mouse. 

The clinical course varied considerably 
from that following methanol. With higher 
amounts of formaldehyde (0.10 gm./kg. or 
more), immediate toxic signs of tonic con- 
vulsions, opisthotonus, and death in re- 
spiratory failure occurred, the time interval 
between injection and death being roughly 
inversely proportional to the dosage. 

At levels causing an approximate 50-per- 
cent mortality, the mice usually were ap- 
parently normal the first 24 hours, becom- 
ing progressively more ill during the next 
few days, and then either recuperating or 
dying. 

Deaths referrable to formaldehyde oc- 
curred up to the seventh day following in- 
jection. It should be noted that, despite the 
known high reactivity of formaldehyde, 
there was no sign of local activity on the 
peritoneum when autopsies were performed. 


PERCENT 
DEATHS 


DOSAGE 
Grams Formaldehyde ber Kg mouse 


Fig. 2 (Gilger, Potts, and Johnson). Acute toxicity 
from formaldehyde in white mice. 
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Ill. ANTABUSE 


Our results with antabuse are shown in 
Figure 3. Each square represents the results 
obtained from the injection of both meth- 
anol and antabuse in groups of from three 
to eight animals. The average number of 
mice per square was six. The amounts of 
antabuse given were below the minimum 
lethal dose for white mice. 

Hanzlik and Irvine®’ found the lethal dose 
of antabuse in dogs and rabbits to be 3.0 
gm./kg. Hald, Jacobsen, and Larsen** gave 
rats 0.025 gm./kg. intraperitoneally every 
day for several months with no deaths and 
found mice showed no symptoms after a 
single dose of 0.6 gm./kg. intraperitoneally. 
(They report no single injections of higher 
amounts. ) 

The sublethal amounts of antabuse which 
we used exerted a potentiating action on 
methanol, causing the L.D.s_ to occur at ap- 
proximately half the dosage giving a 50-per- 
cent mortality with methanol alone. This was 
5.5 gm. vs. 10.5 gm. 


IV. AMINO ACIDS 


A. Glycine. Glycine, 1.25 gm./kg., was 
administered every day for three days. This 
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@ Methanol plus 0.75 gms x2 
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Fig. 3 (Gilger, Potts, and Johnson). Effect of 
antabuse on acute toxicity from methanol in white 
mice. 
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Fig. 4 (Gilger, Potts, and Johnson). Effect of 
glycine on acute toxicity from methanol in white 
mice. 


amount of glycine alone caused neither 
deaths nor toxic symptoms in our mice. 

Sullivan, Hess, and Sebrell** found a diet 
containing 10-percent glycine was compatible 
with life for at least 15 days in the white 
rat. Jovanovic®® found that 12.5 gm. gly- 
cine/kg. white mouse produced death within 
24 hours. 

In our experiments, the first injection of 
glycine was given just prior to the meth- 
anol injection. Figure 4 shows that glycine 
had a slight but mathematically significant* 
action against methanol. For better graphic 
representation, only results from the meth- 
anol controls run simultaneously with the 
glycine have been charted. The probability 
given in the figure is derived from the 
charted data. 

When these glycine results are compared 
with the total methanol results of this study 
in the dosage range including 10.0 to 13.0 
gm./kg., the probability that the antidotal 
action of glycine is due to chance is 0.00104. 

Each square in Figure 4 represents the re- 
sults obtained from the injection of both 


* Statistical significance has been determined in 
this study by the method of exact probabilities. 
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Fig. 5 (Gilger, Potts, and Johnson). Effect of 
cysteine on acute toxicity from methanol in white 
mice. 


glycine and methanol in groups of from nine 
to 10 mice. The protective action of glycine 
amounts to approximately a gram of meth- 
anol per kilogram mouse. 

A preliminary experiment indicated that 
glycine may possibly have a similar marginal 
protection against formaldehyde. 

B. Cysteine. Figure 5 shows the results 
when varying amounts of cysteine were used 
with methanol. The highest dosage of 
cysteine, 0.3 gm./kg. (every four hours, 12 
times), resulted in a 10 percent mortality. 
The other doses were sublethal. Each 
diagonally striped line represents the results 
obtained from the injection of both meth- 
anol and cysteine in from eight to 10 mice. 
Essentially no effect was exerted by cysteine 
on methanol toxicity. 

Cysteine was therefore tried in conjunc- 
tion with formaldehyde. Formaldehyde at a 
level causing an approximate 50 percent 
mortality was injected  intraperitoneally 
within 15 minutes following 0.30 gm. 
cysteine/kg. mouse. This resulted in a rapid 
and dramatic death of 100 percent of the 
mice within two hours. 
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Clinical signs appeared approximately 10 
minutes following the formaldehyde. They 
were those of hyperexcitability with mice 
running and jumping madly around the cage, 
tonic convulsions, terminal hyperextension 
of the extremities, and frothing at the 
mouth. 

Out of the 10 animals, the five dying after 
30 minutes showed oral and/or nasal hemor- 
rhage, starting with slight staining and end 
ing with massive hemorrhage in the last 
three mice to die. 

Gross autopsies performed by Dr. D. 
Chickering showed no immediate cause of 
death except in the case of the last mouse to 
die, where exsanguination was the im- 
mediate, or contributing, cause of death. 

Pure thiazolidine-4-carboxylic acid was 
injected intraperitoneally, 0.33 gm./kg., into 
two mice. Both died within 20 minutes, fol- 
lowing clinical signs identical with those ex- 
hibited by mice receiving formaldehyde and 
cysteine separately. 

V. CorTISONE ACETATE 

From a total dose of 24 or 50 mg. corti- 
sone/kg. mouse, given in divided doses over 
three days, there was no effect on the mor- 
tality caused by 11.0 gm. methanol/kg. 
mouse. 


VI. Eruyt aLconor 


Figure 6 shows that in our experiments 
ethyl alcohol significantly increased the toxic- 
ity of methanol. Each square represents the 
results obtained from the use of from five 
to 10 mice. The number of mice for each 
square averaged eight. 

The ethyl alcohol was administered every 
four hours until either the death of the ani- 
mal or the end of 48 hours, with the first 
dose given a few minutes prior to the single 
methanol injection. 

In the experiments shown in Figure 6, 2.0 
ym. ethyl alcohol/kg. mouse were injected. 
The mice on this amount became ataxic but 
did not show narcosis. 


Ethyl alcohol changed the L.D.;9 of meth- 
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anol from 10.5 to 5.5 gm. When a lower 
level of methanol, namely 6.0 gm./kg., was 
injected (L.D..9 on the control curve), ethyl 
alcohol gave an average 80 percent mortality, 
which change is statistically significant. The 
same dosage of ethyl alcohol likewise in- 
creased the mortality resulting from form- 
aldehyde from 40 to 100 pertent. 

The experimental data for the effect of 
ethyl alcohol on formaldehyde poisoning is 
presented in Table 1. 

Using the same interval and duration of 
injections, we administered an initial dose 
of 0.674 gm. ethyl alcohol/kg. and succeed- 
ing doses of 0.404 gm./kg. This level of 
ethyl alcohol given alone produced no toxic 
signs. 

The control group given 11 gm. methanol 
had a 40 percent mortality. The group given 
the same amount of methanol plus ethyl 
alcohol had a 100 percent mortality. Thus, 
this level of ethyl alcohol also caused a 
significant increase in the number of deaths 
from methanol. 

A dosage of 0.17 gm. ethyl alcohol/kg. was 
given, every four hours, 12 times, to mice 
also given 10.5 gm. methanol. This amount 
of ethyl alcohol increased the deaths from 
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Fig. 6 (Gilger, Potts, and Johnson). Effect of 
ethyl alcohol on acute toxicity from methanol in 
white mice. 
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© Deaths from Methand alone 
Deaths from Methanol plus 2 
grams ethanol /Kq mouse x12 


] 40 T 
Time of death [hours] 


Fig. 7 (Gilger, Potts, and Johnson). Effect of 
ethyl alcohol on time of death from single methanol 
injections in white mice. 


the methanol by almost 40 percent. The in- 
creased toxicity using 0.17 gm. had an exact 
probability of chance occurrence of two parts 
in 100. The experimental data for the last 
two levels of ethyl alcohol are presented in 
Table 1. 

In our experiments the only measurable 
time element was the time at which deaths 
occurred. This is shown in Figure 7. Each 
dot represents one dead mouse. There are 
fewer dots in the lower part because very 
few animals died from those amounts of 
methanol. 

The schedule of injections every four 
hours permitted frequent enough observa- 
tion for sufficient accuracy of the times of 
death. The methanol-plus-ethyl-alcohol mice 
were almost all dead before the first con- 
trol methanol mouse died. 

The chart is divided for statistical pur- 
poses into the first day and the next three 
days. The predominance of the ethyl- 
alcohol mice in the first day can be readily 
seen. This finding that ethyl alcohol hastened 
the time of death from methanol in mice is 
statistically significant. 


per Kg mouse 
First 24 hours Next 3 days 
2 
' 
0 
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TABLE 1 


‘THE EFFECT OF ETHYL ALCOHOL ON THE ACUTE TOXICITIES OF 
METHANOL AND FORMALDEHYDE IN WHITE MICE 


Dosage 
(Grams per kilogram given 


Experi- 
intraperitoneally) 


ment 
Number —— 


Formalde- 
hyde 


2.0 


2.0 


0.67X1 
0.4011 


5 


Methanol Ethanol* 


0.40X11 


Results 


Number of Mice 
Percentage 
Deaths 


Dead 


Living 


10 


* Dosage given in each injection. The first injection of ethyl alcohol was made just prior to the single 
methanol or formaldehyde injection. Ethyl alcohol was given every four hours thereafter for a total of 12 
iimes unless the mouse died before completion of the course of injections. 


Discussion 

The L.D.s9 for single, intraperitoneal in- 
jections of methanol in white mice was found 
to be 10.5 to 11.0 gm./kg. Acute toxicity 
figures for methanol in mice were not found 
in the available literature. 

Alder, Buschke, Gordonoft** in a 
small series of white rats found 75 percent 
mortality from 8.4 gm. methanol/kg. per os. 
Munch and Schwartze"’ culled many figures 
for various species from the literature. Our 


and 


findings for the L.D.s9 in the white mouse 
are in line with those for other species. 

The approximate L.D..o for single, intra- 
peritoneal 
white mice was found to be 0.07 gm./kg. 
Here, too, there were no available toxicity 
figures for white mice in the literature. Soll- 
mann and Hanzlik®* report the minimum 
lethal dose in the rabbit to be 0.09 gm./kg., 
intravenously, and in the dog to be 0.07 
gm./kg., intravenously. Our finding is con- 
sistent with this. 


injections of formaldehyde in 


In equimolar amounts formaldehyde was 
145 times as lethal as methanol. 

Antabuse was found to increase the toxic- 
ity of methanol. While our experiments were 
in progress, Way and Hausman* reported 
that antabuse administered for three days 
prior to methanol decreased its oral L.D.5o 
in rats and rabbits. 

In the introductory section we outlingd 
our reasons for assuming that antabuse, in 
analogy with its action on ethyl alcohol, 
blocks the biologic oxidation of methanol 
beyond formaldehyde by inhibiting the alde- 
hyde oxidase. 

This assumption, together with the experi- 
mental finding that antabuse potentiated 
methanol toxicity, makes formate unlikely 
as the proximal toxic agent. 

Of the two possibilities remaining, 
methanol and formaldehyde, the latter seems 
the more likely one in view of evidence pre- 
sented in the preceding paper of this series.” 

The slight protective action of glycine 
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against methanol poisoning is insufficient to 
advocate clinical use of glycine ; but the find- 
ing that the protective action is of a mathe- 
matically significant degree leads us to be- 
lieve that further work with competitive 
compounds is indicated, and also lends ad- 
ditional support to the formaldehyde ‘hy- 
pothesis. 

Cysteine produced no effect on methanol 
poisoning and markedly potentiated the 
toxicity of formaldehyde. 

Thiazolidine-4-carboxylic acid, which is 
produced by the in vitro reaction of cysteine 
with formaldehyde, caused the same toxic 
signs and lethal effects as separate injections 
of cysteine and formaldehyde in the mice. 
Thiazolidine-4-carboxylic acid is apparently, 
in itself or in its oxidation products, a highly 
toxic substance. 

That cysteine did not significantly increase 
the toxicity of methanol may possibly be due 
to differences in the times and amounts of 
formaldehyde distributed intra- and extra- 
cellularly following intraperitoneal injections 
of methanol and formaldehyde. 

The effect of three different dosage levels 
of ethyl alcohol on methanol poisoning was 
tested in mice because ethyl alcohol has been 
advocated and used clinically as an antidote 
for methanol poisoning. The highest level, 
2.0 gm. ethyl alcohol/kg., significantly in- 
creased the mortality resulting from meth- 
anol and formaldehyde. It also significantly 
shortened the time between injection of and 
death from methanol. This was our only 
measurable time element. 

In contrast to our findings is Rge’s state- 
ment’® that ethyl alcohol increased the latent 
period of methanol poisoning, the latent 
period being the only time element with 
which he makes an association with ethyl 
alcohol. This highest ethyl alcohol dosage 
translated to humans is roughly equivalent 
to 350 cc. of 100-proof whiskey—a large 
dose but not above chronic alcoholics’ 
claims.”*7 It is higher than the several 
amounts of ethyl alcohol given therapeuti- 
cally. 


Rge” advocated an initial dose of 0.674 
gm. ethyl alcohol/kg. and succeeding doses 
equivalent to 0.404 gm./kg. every four hours 
thereafter until the patient’s recovery or 
demise. Our second dosage level was there- 
fore this amount, ending, however, at 48 
hours to maintain conditions similar to the 
rest of our experiments. It also produced a 
significant increase in the number of deaths 
from methanol. 

The Navy” followed Rge’s advice to give 
ethyl alcohol, but administered less than half 
the dose that Rode advocated, giving an ounce 
of whiskey every four hours for a “day or 
two.” 

On the assumption that the whiskey was 
National Formulary,** and the men weighed 
70 kg., this dosage is equivalent to 0.17 gm. 
ethyl alcohol/kg. mouse every four hours for 
two days. The increase in methanol deaths 
in our experiments from this lowest dosage 
of ethyl alcohol was only probably signifi- 
cant. 

Although experiments with lower animals 
cannot be assumed to have complete applica- 
tion to human beings, our findings that ethyl 
alcohol increases the toxicity of methanol in 
white mice, together with the lack of any 
controlled clinical evidence to the contrary 
in humans, makes it seem reasonable to 
urge that the use of whiskey in patients with 
methanol poisoning be discontinued until 
more definite evidence is available. 


SUMMARY 


1. The acute toxicity of methanol and 
formaldehyde for white mice has been de- 
termined. The L.D.so for single intraperi- 
toneal injections of methanol was between 
10.5 and 11.0 gm./kg. The L.D.s9 for single 
intraperitoneal injections of formaldehyde 
was around 0.07 gm./kg. 

2. Antabuse increased the toxicity of 
methanol by approximately two times. 

3. Glycine protected against methanol 
poisoning, significantly but slightly. Cysteine 
did not counteract methanol poisoning. In 
addition, it apparently formed a highly toxic 
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compound with formaldehyde. recommended and used as an antidote for 
4. Under our experimental conditions, methanol poisoning, is definitely harmful 
cortisone had no effect on methanol poison- from the point of view of life itself. For this 
ing. reason, use of ethyl alcohol in the therapy 
5. Ethyl alcohol significantly increased the of human methanol poisoning should be dis- 
toxicity of methanol and formaldehyde and continued pending further investigation. 
significantly lessened the time of death fol- University Hospital (6). 


lowing methanol poisoning. Under our ex- - 
hi We wish to thank Miss Mildred Orchen for tech- 
perimental conditions and with white mice,  jjcal assistance, and Ayerst McKenna and Harri- 


ethyl alcohol, a substance which has been son Ltd. for our supply of antabuse. 
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Dr. Virctt C. Casten [Boston]: Far be it from 
me to give you any chemistry of this serious situa- 
tion but I have seen probably about 40 cases of 
methanol poisoning, most of them too late to be 
helped by medical aid, that is, almost blind, with 
primary optic atrophy and large central scotomas. 
But I did happen to observe the care of six or 
eight men brought in in coma, having taken a con- 
siderable, unknown quantity, of wood alcohol or 
methanol. These patients were treated as a patient 
in diabetic coma. Now, diabetic coma is a condition 
of insufficient insulin and giving large doses of in- 
sulin usually relieves the coma. That is not the 
situation, however, in methanol poisoning. It was 
our contention, however, that it was one of acidosis 
and we treated it by correcting the acidosis. 

These patients were given large doses of sodium 
r-lactate (one-sixth molar solution) intravenously 
in isotonic solution of three chlorides. They were 
given considerable amounts of sodium bicarbonate 
(about four gm. every 15 minutes per four doses) 
in the stomach by gavage if necessary and put into 
oxygen tents. In 24 hours they were all conscious. 
They all had papilledema, and edema of the sur- 
rounding retina like a neuroretinitis. 

Their eyes were kept bandaged to keep the light 
out—purely empirically. I am not sure that is 
necessary or even desirable, but it was done. These 
26 patients all regained their vision and, within a 
week, not one of the group had less than 20/40 
vision and they all got back to 20/30 or even 
20/20, with one exception. 

This work was reported by Dr. E. H. Berger, 
of Portland, Oregon, Dr. William Chew of Ber- 
keley, California, and Dr. M. Capron of Battle 
Creek, Michigan, from a medical point of view 
(J.A.M.A. 1946, p. 61). 

They took the CO, combining power every two 
hours, I think, roughly, the first little while. The 
test takes about half an hour to run so you can’t do 
it too often. You have to be very careful that you 
do not give too much alkali and throw them over 
on the other side. That was their problem; they 
did not know how much alkali or how much sodium 
bicarbonate to give intravenously, because they were 
afraid of producing the opposite effect, and that is 
why they were taking CO: combining powers as 
often as possible. 

I think the essayists are to be congratulated on 
their work in trying to pinpoint the toxic metabo- 
lite that affects the optic system; to pinpoint the 


DISCUSSION 


exact point, whether it is the optic nerve, center, or 
the ganglion-cell layer. 

I cannot add anything about the chemistry but if 
anyone of you get one of these patients in the acute 
state, in coma, if you will get the help of one used 
to treating diabetic coma and start on that basis, I 
think you will go a long way toward saving his 
life and eyesight. 

Treatment: First, draw blood for the plasma 
carbon-dioxide combining power. This may be down 
to 10 volumes percent. 

Second, administer alkali immediately: (a) Give 
four 40-cc. ampules of sodium r-lactate molar solu- 
tion in one liter of isotonic solution of three chlo- 
rides and give intravenously; (b) give four gm. of 
sodium bicarbonate by mouth every 15 minutes for 
four doses. After giving the alkali, check the 
blood-plasma bicarbonate. Then repeat the alkali. 
Perhaps, this will be necessary three or four times 
to change the carbon-dioxide combining power from 
10 to 20 volumes percent to 40 to 50 volumes per- 
cent. At this point it can be checked twice daily 
until recovery. 


Dr. P. J. Letnrecper [Iowa City]: Methyl- 
alcohol poisoning brings up a number of problems 
that will require further research to explain. One 
is the variations in individual response, since in 
some instances very small quantities of methanol 
will cause severe intoxication and death, while in 
other instances the ingestion of large quantities 
seems to be relatively harmless. 

The second point is an explanation of the patho- 
logic changes; and almost interrelated is the third 
point, mode of action of the poison. 

The ocular events that follow the ingestion of 
methanol indicate a selective injury to the nerve 
cell, in this instance the ganglion cell, which can be 
affected either partially so that there is an impair- 
ment in its function over a period of time; or 
completely in which function is completely and 
permanently destroyed because of death of the cell. 

Impairment of function comes on relatively late 
after ingestion, within several hours, or quite sud- 
denly, This is in accord with what is known of the 
action of various inhibitors on the activity of the 
nerve cell, for in some instances the ganglion cell 
can be affected so that there is complete and irrev- 
ocable loss of vision, while in other instances it 
may be transient and partial. 

This is well illustrated by the common occur- 
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rence in retrobulbar neuritis in which, for con- 
siderable periods of time, there may be complete 
cessation of activity of the ganglion cell and its 
neuron but, after a period of time, recovery occurs 
with return to normal vision 

Histologically, this is identified with the changes 
that occur in retrograde degeneration of the gan- 
glion cell. Sometimes there is complete dissolution of 
the ganglion cell but sometimes only the reaction to 
injury occurs and then a restitution of its normal 
appearance, even though function may not return 
(in severance of the axon). 

The argument presented by the essayists is, I 
think, excellent. I am particularly happy to see that 
the essayists are not satisfied with the overworked 
word “toxin.” They wish to explain, as should 
always be explained, what physiologic changes oc- 
cur to produce the pathologic changes after ex- 
posure to various substances. 

More important than the demonstration of the 
possible role of formaldehyde is the great step that 
the authors are making in attempting to point out 
that there is some specific effect on the enzyme sys- 
tems of the cell that will result in impairment of 
function and possibly in death. 

I have appreciated the paper very much. I believe 
none of us are in a good position to explain or to 
criticize any of their work because we have not 
read the paper. However, I wonder whether there 
isn’t a little reaching when you make the calcula- 
tions on the basis of the minimum dose of methanol ; 
and I also wonder whether there is not a little 
difficulty when you attempt to interpret the effects 
of two toxic agents on a mouse, the two toxic 
agents being ethyl alcohol and methanol or anta- 
buse and methanol. 

I thank you, I appreciated the paper, I am very 
happy at the steps you have taken to improve the 
scientific approach to this problem. 


Dr. Jonas S. FrrepeENwavp [Baltimore]: I want 
to add only a very few words to this discussion. In 
the first place, I think these two papers are a per- 
fectly beautifully organized study and it has been 
a thrilling experience to listen to this very sys- 
tematic and illuminating study. 

The raising of this subject takes me back to the 
days of my youth because the very first study that 
I ever made in medical research was when I was a 
medical student, and a fellow student and I at- 
tempted to find out something about the mechanism 
of wood-alcohol poise ning. 

We were at that time under the erroneous notion 
that perhaps formic acid or formate might be the 
toxic agent and we set out to test that on experi- 
mental animals. What we found was absolutely 
zero; that is to say, we poisoned all manner of 
laboratory animals that we could get our hands on 
with methanol. In no case were we able to demon- 
strate any injury to the visual apparatus. There 
was no optic atrophy; there were no changes in 
the retina; the previously described changes in the 
Nissl bodies which Birch-Hirschfeld had published 


20 years before that (50 years ago now), we were 
unable to confirm. 

What impressed us at the time, and what I think 
is still an important consideration, is that there are 
enormous species differences in the toxicity of this 
compound. We did not try cattle so I cannot say 
whether retinal changes could be produced with 
methanol in cattle, but we were unable to produce 
any retinal changes in dogs, cats, rabbits, guinea 
pigs, mice, rats, and chickens. I think that was the 
limit of our zodlogy. 

At any rate, I think it would be extremely in- 
teresting if studies of the type that Dr. Potts has 
been making could be done on human retina, which 
is, after all, occasionally available in biopsy, and 
particularly as to whether there is any difference 
between Negroes and Caucasians in this matter, 
because there certainly is a very large difference in 
the tolerance of Negroes and whites for methy! 
alcohol. Methyl alcohol, at least in Baltimore, is 
very widely consumed by the Negro population and 
yet the incidence of methyl-alcohol toxic symptoms 
in the Negroes is extremely low. In fact, I have 
only seen, myself, one case of methanol optic 
atrophy in the Negro. 


Dr. Davin G. Cocan [Boston]: Dr. Grant is not 
here but I would like to represent him, however 
poorly, because I believe he views these things a 
little differently. He produced optic atrophy in the 
rabbit with methanol. I think he probably used a 
large amount and maybe that is the difference be- 
tween his and Dr. Friedenwald’s observations, but 
he did produce optic atrophy which was quite evi- 
dent in the absence of pupillary reaction and also 
the optic atrophy of the nerves subsequently. He 
was interested in determining whether or not form- 
aldehyde might be the mechanism of action. 

He then attempted to produce blindness by in- 
jecting formaldehyde with doses far in excess of 
that which could occur from the transmutation of 
the methanol that had been given, and found that 
it did not produce blindness. I believe I am quoting 
him correctly in saying that he concludes that, in 
the living rabbit at least, formaldehyde was not re- 
sponsible for the blindness of methanol poisoning.* 


Mr. Gorvon L. Watts [Berkeley, California] : 
Apropos of Dr. Leinfelder’s and Dr. Friedenwald’s 
remarks concerning the variability of response, the 
second essayist seemed to be saying that a little 
increase in dose produced a marked increase in 
effect on the individual mouse, but the curves that 
she showed seemed clearly to be probability in- 
tegrals, implying that, in the mouse, there is 
“normal” individual variation in sensitivity to 
methanol. It looks, then, as though it should not 

*In subsequent discussion with Dr. Grant I 
learned that blindness from methanol had oc- 
curred in one rabbit only and that it was his opinion 
that methanol toxicity could be attributed to 
formaldehyde formation. (D.G.C.) 
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be hard to breed pure strains of mice with either 
a high and standardized or low and standardized 
sensitivity, if this should seem desirable in the 
continuation of this program. 

Another point, methyl salicylate in carload lots is 
consumed in this country annually in the form of 
athletic rubs and linaments for the relief of pain. 
When absorbed through the skin, methyl salicylate 
is hydrolyzed into salicylic acid and methanol. I 
should like to ask the essayists if they suspect 
that the amount of formaldehyde thereupon formed 
is possibly harmful. 


Dr. Watter H. Fink [Minneapolis]: Some 
years ago I performed a series of experiments on 
animals of various types, including the monkey. In 
addition, I was fortunate enough to obtain the eyes 
of two humans at the time of death. According to 
the literature, most of the specimens obtained in 
the past have been from cadavers that have been 
dead for some hours and possibly post-mortem 
change has taken place. 

The reason I was interested in the subject was 
because of the controversy as to whether the optic 
nerve or the retina is primarily affected. In my 
experiments, I used formic acid, in addition to other 
drugs, and I found changes comparable to methyl 
alcohol in the monkey, the dog, and the rabbit and 
I concluded that formic acid was a toxic factor. 

The human specimens were examined micro- 
scopically by Dr. Leinfelder and showed edema of 
the optic nerve and also changes in the retina, in- 
dicating a simultaneous process. 

I wonder whether we can compare animal ex- 
perimentation in a subject of this type to the hu- 
man. Individual susceptibility is a marked factor 
in the human. Some people can take this without 
any ill effects; others, with a small dose, are seri- 
ously affected and permanently lose vision; in 
others it must have a cumulative effect. 

I feel we have much to do before we have 
answered the question. I, personally, as a result of 
these studes, feel that the poison has a special 
affinity to highly differentiated tissue, and that the 
retina and the optic nerve can be simultaneously 
affected. 


Dr. Atpert M. Ports (closing): I would like 
to thank the discussers for their kind words and 
briefly comment on some of the questions raised. 
We are caught on the horns of a dilemma when 
using experimental animals. The variability of hu- 
man subjects has been brought out. If there were 
a sufficient quantity of humans to do valid statis- 
tical studies, and if the doses of methanol the hu- 
mans get, were accurately known, these things 
might be eliminated. Using experimental animals, at 
least these factors can be controlled. 

Using experimental animals, one has to sacrifice 
the direct human application. Using mammals, one 
knows that most of the cellular metabolism in mam- 


mals is identical throughout the class and at least 
on that basis we feel we are on relatively sound 
ground. 

As far as the visual effects of methanol itself 
are concerned, it is impossible to comment on the 
basis of the present work with experimental ani- 
mals. We are contemplating some electrical studies 
which may throw more light on this particular 
subject. 

In direct response to the comment about the cal- 
culations, we obviously did not mean these calcula- 
tions to be a hard and fast correlation but simply 
to indicate orders of magnitude, for even if one 
multiplied the toxic dose of methanol we used by 10 
times, the lethal dose would be right for formal- 
dehyde and not for the other materials. This is not 
intended to be hard and fast; it is simply cor- 
roborative. 

In regard to the lack of proportion of blindness 
with formaldehyde, we have no direct experience on 
that ourselves and criteria of blindness in experi- 
mental animals is something that has bothered us 
considerably. We can only quote the paper of 
Flury and Wirth that was published in the early 
thirties, which stated that the effects of methyl 
alcohol and the effects of formaldehyde have been 
shown to be identical in experimental animals. 

As far as methyl salicylate is concerned, we have 
no direct knowledge of the amount of penetration 
of methyl salicylate into the body. The rate of 
hydrolysis of such aromatic esters is perhaps not 
as rapid as some of the lower esters in the body, 
but when you consider the necessity for skin pene- 
tration, it is hard to believe that as much as 10 
grams equivalent of methyl alcohol would be likely 
to be absorbed through the skin. 

In reply to Dr. Casten, we should mention that 
we had been deeply impressed in the past by the 
paper of Berger and others quoted by him. On the 
evidence presented by these authors the treatment 
of acidosis would seem to be an important aspect 
of the treatment of human methanol poisoning. The 
work on acidosis reported by previous authors has 
never been adequately substantiated by chemical 
determinations. 

The acidosis problem is, however, a complicated 
one, 

First, the acidosis must be secondary to some 
other toxic mechanism since, if all the methanol in 
a large toxic dose (100 cc.) were converted to a 
formic acid, the body buffers would be adequate 
to prevent acidosis. This question of the mechanism 
of acidosis is now under investigation in our 
laboratory. 

The second point is that acidosis can have no con- 
nection with the loss of vision. Other clinical con- 
ditions which cause as profound an acidosis, such 
as diabetic coma, have no effect on vision and do 
not cause retinal or optic nerve changes. Thus, 
although treatment to increase alkali reserve is 
important for the health of the patient it does not 
bear directly either on the mechanism of methanol 
toxicity or on the associated visual effects. 
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Dr. Anita P. Gucer (closing): In answer to 
lr. Leinfelder, we were interested in the toxicity 
of the other agents besides the methanol that we 
tested. All of our experiments were set up with 
three groups of animals: one group constituted the 
methanol control, one group was given the sub- 
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stance that was being tested, and the third group 
received both substances in the same dosages as 
the controls. No experiments reported here were 
run at dosage levels of the tested substances which: 
were lethal hy themselves. 


STUDY OF THE RETINA 


DURING METABOLIC IMPAIRMENT* 


WERNER K. Noetr, M.D. 
Randolph Field, Texas 


In the course of a study aimed to analyze 
the effects of metabolic impairment on nerv- 
ous functions it happened that, in competi- 
tion with several other members of the cen- 
tral nervous system, the retina became the 
most emphatic one. It showed a number of 
peculiarities when electrical phenomena were 
employed for the measurement of function 
while the experimental animal was exposed 
to procedures known to affect the aerobic 
and anaerobic metabolism. In the following, 
the results obtained and the methods used 
will be outlined inasmuch as they might bear 
on problems of retinal pathology and clinical 
electroretinography. 

The electrical phenomena utilized in our 
study are summarized in Figure 1. They are 
well known these days, thanks to the experi- 
mental efforts of Ragnar Granit and his as- 
sociates. 

For the measurement of electrical poten- 
tials across the eyeball, an unpolarizable elec- 
trode is brought into contact with the cornea 
while the reference electrode is either placed 
behind the globe or is attached to any point 
of the head distinct from the eyes if the first- 
mentioned procedure is not feasible. To pre- 
vent interference by eye movements the ani- 
mals are narcotized, decerebrated, or immob- 
ilized by curare during artificial ventilation. 

Such an electrode position will first reveal 
the presence of a steady potential across the 
globe in the order of several millivolts (de- 


*From the U. S. Air Force School of Aviation 
Medicine. 


pending on the species ) to which has been at- 
tached the name “resting potential.” 

Though known for more than 100 years 
the origin of this potential is still obscure, 
chiefly due to the fact that it tends to escape 
analysis by a rapid decline to insignificant 
values whenever manipulations of the eye- 
ball or of the retina are involved. 

Tracing 2 of Figure 1 indicates, however, 
an experimental tool which promises to be 
of help. The tracing referred to shows that 
rapid intravenous injection of small amounts 
of sodium azide (NaN;) produces an in- 
stantaneous and transient rise of the resting 
potential ; it does so even in cases in which 
the resting potential is very low or of slightly 
reversed polarity. 

The present status of our experience with 
this tool seems to indicate that the resting 
potential is the outcome of a complex func- 
tion in which the activity of retinal metabo- 
lism and ion-transport processes between 
retina and extraretinal tissue participate. 

It is felt that a method for the measure- 
ment of the resting potential in patients 
would be a useful addition to the electro- 
retinographic technique. Probably it would 
suffice to record the potential variations at 
corresponding points outside the orbit in re- 
sponse to a standardized type of eye move- 
ment. 

In response to illumination, electrodes 
across the globe record a sequence of po- 
tential changes which conventionally is called 
the electroretinogram. Tracing 3 of Figure 1 
shows a typical oscillographic record of the 
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Fig. 1 (Noell). The electrical 
phenomena of the eye. (1) Elec- 
trode position for the measurement 
of the potential across the eyeball. 
(2) The response of the resting 


RESTING — POTENTIAL 


potential (rabbit) to parenteral ad- 
ministration of 0.5 mg./kg. of so- 
dium azide. The mark on the lower 
line indicates that at this point the { 
agent was rapidly injected into an 


ear-vein. The distance from one dot 
above the baseline to the next indi- 
cates five seconds. (3) Initial por- 
tion of a normal electroretinogram 
(rabbit) in response to a short flash 
of light indicated by the heavy, 


horizontal line. (4) Electroretino- 
gram obtained 100 seconds after 
intravenous administration of iodo- 
acetate. Same amplification as in 3. 
(5 and 6) Optic-tract potentials 


simultaneously recorded with the 
electroretinograms (3,4). (7) Optic 
tract potential (rabbit) in response 
to a maximal electrical stimulus 
(condensor discharge) to the optic 


nerve. The small deflection at the 


left side of the tracing marks the occurrence of the stimulus. (8) Response to some stimulus as in 
(7) 288 seconds after the induction of anoxia by nitrogen breathing. (9) Schematic drawing of Granit’s 
technique for obtaining discharge from single elements. (10) Responses of an element which in the 
dark is spontaneously active. During the horizontal line above each tracing the eye is exposed to 0.01 lam- 
bert (upper tracing) and 0.1 lambert (lower tracing). The element is the so-called “on-fiber.” 


initial portion of this response (a- and b- 
waves). It is written by a single sweep of the 
cathode-ray beam which is triggered by the 
light stimulus itself. 

As analyzed by Granit the electroretino- 
gram is the sum of three or more component 
potentials thought to be produced by proc- 
esses which differ in the site or mechanism 
of their generation. Tracing 4 serves to 
demonstrate this fact by a very instructive 
example. 

It is obtained from a rabbit which, 100 
seconds previous to the recording of the re- 
sponse, had been poisoned by intravenous 
administration of iodoacetate, the effects of 
which will be discussed later in detail. The 
tracing shows that the disappearance of the 
b-wave is accompanied by the appearance of 
a very high and long-lasting a-wave potential 
which normally is masked by the slightly later 
developing b-wave. 

As has been often emphasized, the decline 
of the b-wave is associated with a reduction 


of the optic-nerve activity in response to 
illumination. See Figure 1-6. Due to the dif- 
ferent nature of both types of activity (b- 
wave process, optic-nerve discharges) pro- 
portionate changes cannot be expected 
generally. In our experience, the more 
specifically the b-wave process seems to be 
disturbed, the later follows the failure of 
optic-nerve activity. 

Since the electroretinogram does not con- 
tain a noticeable component which originates 
from the activity of the ganglion cell layer 
or the opt. nerve, evidence regarding the 
functional state of the innermost layers of 
the retina must be obtained by direct experi- 
mental approach. 

In our routine technique, coarse wire elec- 
trodes are inserted into the optic tract mid- 
way between chiasma and geniculate gan- 
glion through the skull and brain. Tracings 
5 and 6 of Figure 1 show examples of optic- 
tract potentials obtained by this technique. 
They were simultaneously recorded with the 
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Fig. 2 (Noell). (Upper half) The amplitudes 
of a- and b-waves of the electroretinogram have 
been measured and averaged. Note that the a-wave 
of the rabbit is initially more susceptible to anoxia 
than the b-wave. (Lower half) The amplitudes of 
the on-wave of the optic tract potential in re- 
sponse to illumination of the eye and the amplitudes 
of the tract potential in response to maximal elec- 
trical stimulation of the optic nerve have been aver- 
aged. Note that both responses seem to disappear 
at about the same time. 


clectroretinograms illustrated in the second 
row. 

The two elevations of the normal tracing 5 
are caused by the synchronous activity of 
many optic fibers at the onset and at the 
cessation of illumination respectively. A de- 
crease of these potentials during purposely 
induced disturbance of retinal function indi- 
cates that the conduction of impulses through 
the inner layers of the retina has diminished 
for one of two reasons, either because the 
ganglion cells receive a reduced number of 
impulses from the outer layers and the bi- 
polar cells or because the functioning of the 
ganglion cells or of the optic nerve itself has 
been impaired. 

To facilitate the choice between these two 
possibilities, the excitability of the optic 
nerve is tested by direct electrical stimuli 
through electrodes around the optic nerve 
shortly behind the globe and the responses 
being recorded from the optic tract. See Fig- 
ure 1-7 and 8. The procedure allows meas- 


urement in short intervals for the same eve 


of the responses of the optic nerve both to 
photic and to electrical stimulation. 

The last step of the experimental proce- 
dure intends to obtain information regarding 
the intricate pattern of retinal discharges 
(fig. 1-9 and 10). According to the technique 
of Granit, a micro-electrode is brought into 
contact with a single ganglion cell or optic 
nerve fiber at the inner surface of the retina, 
but, as will be easily understood, numerous 
experiments of this type are necessary be- 
fore the effect of any agent can be adequately 
described. 

In man, retinal anoxia or asphyxia rapidly 
produces what is called “black-out,” as can 
be best demonstrated by the application of 
centrifugal force to the head or of pressure 
to the eye, both techniques being effective by 
a reduction of the intraocular blood flow. 

Every experiment, however, performed 
with a rabbit demonstrates very convincingly 
that the low resistance of the retina against 
anoxia, suggested by the human behavior, 
does not hold true for all mammals. The 
graphs of Figure 2 will indicate how dif- 
ferently the rabbit’s retina seems to behave. 

The rabbits, from which these graphs are 
derived, were exposed to anoxia induced by 
nitrogen breathing. Cessation of respiration 
generally occurred within 30 seconds and 
death within two to three minutes. The optic 
nerve, however, conducted impulses in re- 
sponse to illumination of the eye for five 
minutes or more, indicating that, for such a 
long period of anoxia, all the different struc- 
tures of the retinal pathway remained at 
least partially functioning. 

At the time of the disappearance of the 
optic tract potentials, moreover, the b-wave 
of the electroretinogram was still present, in 
fact it took about 15 minutes after the death 
of the animal until the electroretinogram had 
vanished. In the rabbit, therefore, the dis- 
appearance of the optic-nerve activity is not 
due to the failure of those retinal processes 
which produce the electroretinogram. 

By testing the optic nerve excitability, em- 
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ploying electrical stimuli as indicated in the 
preceding figure, it was found that, in the 
rabbit, the anoxic failure of the peripheral 
portion of the visual pathway must be ini- 
tiated by inexcitability of the optic nerve and 
hence of the ganglion cells." 

To demonstrate the great variations in the 
anoxic resistance of the vertebrate retina, 
Figure 4 gives a compilation of data on the 
failure of the b-wave in various species. 
Each graph represents the average decline of 
the amplitude of the b-wave after asphyxia 
of the eye had been induced. 

For a better comparison of man with 
monkey, cat, and rabbit, asphyxia was pro- 
duced in these species by the application of 
high pressure against the eyeball sufficient to 
block the intraocular blood flow. There are 
some differences between the effects of high 
intraocular pressure and of general anoxia 
(compare figs. 2 and 3 with the correspond- 
ing graphs of fig. 4) ; for the purpose of this 
comparison they are, however, negligible. 

The most surprising result of this compari- 
son is the slow decline of the b-wave in man. 
After a sharp initial drop in amplitude 
(which probably is due to a change in the 
position of the eye with regard to electrodes 
and light source), the decline of the b-wave 
follows a course which is similar to that of 
the rabbit but distinctly different from that 
of cat and monkey. Total black-out to a 
strong flash of 100-lambert intensity had oc- 
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Fig. 3 (Noell). Compare with Figure 2 and 

note the differences in the anoxic susceptibility of 

the electroretinogram between rabbit and cat. 
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Fig. 4 (Noell). Decline of the b-wave during 
local asphyxia or general anoxia. In cat, monkey’ 
(Macaca mulatta), man, and rabbit, retinal anoxia 
is produced by an increasé of the intraocular pres- 
sure sufficient to block intraocular blood circulation. 
The decline of the b-wave is the same in cat and 
monkey. The graph labelled monkey’ results from 
an experiment during which anoxia was produced 
by explosive decompression. Note that after an 
initial delay (circulation time) the decline of the 
b-wave follows the same time course as in local 
asphyxia induced by pressure. The slower decline 
of the b-wave in frog (Rana pipiens) and turtle 
(Chelydra serpentina) than in mammals is largely 
due to their lower body temperature (24°C.—26°C.). 
In frog and turtle anoxia is produced by the in- 
terruption of the blood supply to the head, in the 
pigeon by exposure to nitrogen atmosphere. 


curred, nevertheless, after about 50 seconds 
—that is, at a time when the b-wave was still 
50 percent of its size before the onset of 
asphyxia. 

These findings allow the conclusion that 
the black-out in man due to retinal asphyxia 
is not caused by the failure of those processes 
which generate the electroretinogram ; it then 
follows that the visual cells at least are func- 
tioning when black-out occurs, and that 
changes within the nervous pathway must 
be responsible for the disturbance of vision. 

Since for the rabbit and cat the experi- 
mental findings indicate that the bipolar cells 
are more resistant to anoxia than the optic 
nerve,’ it seems most likely that, in man, the 
asphyxial block of impulse propagation is 
initiated within the ganglion cell neuron. 
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Fig. 5 (Noell). The effect of intravenous ad- 
ministration of iodoacetate (IAA) on the electro- 
retinogram in a rabbit. Note difference with the 
effects of anoxia (fig. 2). 


Incidentally, it follows from the analysis 
already given that the sparing of a central 
area of the visual field in acute retinal anoxia 
cannot be explained by differences in the 
anoxic resistance of rods and cones.*** The 
fact that the b-wave can be evoked when vi- 
sion has been lost makes such a view un- 
tenable. 

Most living matter relies on energy derived 
from aerobic reactions and the rapid effects 
of anoxia are a fair demonstration of the in- 
effectiveness of anaerobic processes to sup- 
port nervous functioning. In comparison 
with other nervous functions, the retinal 
processes are neither particularly sensitive 
nor unusually resistant to anoxia. 

The disappearance of the very sensitive 
b-wave of cat and monkey occurs still later 
than the cessation of the brain-wave activity 
in these species. During explosive decom- 
pression, vision in man does not vanish be- 
fore unconsciousness is produced. On the 
other hand, the long persistence of the elec- 
troretinogram in the rabbit is surpassed by 
the survival time of sympathetic ganglia.® 

In contrast to other nervous structures, 
however, the retina of homeothermic ani- 
mals possesses a great anaerobic activity as 
indicated by a lactic-acid production which 
surpasses that of many malignant tumors. 
We believe that this property is responsible 
for the finding that iodoacetate is a very 
powerful retinal poison when injected intra- 
venously.® 
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Iodoacetate is an inhibitor of sulfhydryl 
enzymes, one of which is the triosephosphate 
dehydrogenase of glycolysis. In vitro it pro- 
duces, therefore, inhibition of lactic-acid pro- 
duction while for several reasons respiration 
might continue unimpaired for a certain 
length of time particularly if substrates 
utilizable in the aerobic cycle are supplied. 
Thus, for instance, lactate and pyruvate have 
been shown to counteract completely the ef- 


Fig. 6 (Noell). The effect of intravenous ad- 
ministration of iodoacetate (IAA) on the electro 
retinogram in a cat. Note difference with the effects 
of anoxia (fig. 3) and also the difference between 
cat and rabbit (fig. 5). 


fects of iodoacetate on the resting potential 
of isolated frog nerves.** 

As Figures 5 and 6 show, intravenous in- 
jection of iodoacetate produced almost imme- 
diate effects on the electroretinogram which 
were associated with a marked reduction in 
the size of the optic nerve potentials. Micro- 
electrodes were, therefore, inserted into the 
layers of the retina and it was found that the 
retina became almost entirely silent shortly 
after the electroretinogram had disappeared. 
It was, therefore, assumed that early proc- 
esses of retinal excitation, probably within 
the visual cells, must have been affected by 


* The greater resistance of the visual cells near 
the ora serrata against iodoacetate poisoning (de- 
scribed in one of the following paragraphs) could 
be due to the utilization of lactic acid which might 
enter the retina with greater ease by diffusion from 
the aqueous humor than by passing the blood-retina 
barrier (see Himwich* for discussion on the lactic- 
acid permeability of the blood-brain barrier). 
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the poison.* This conclusion was later verified 
by a histologic study. 

There are several possibilities to explain 
why iodoacetate has such marked effects on 
the retina. For instance, Wald and Brown® 
recently demonstrated that sulfhydryl groups 
are involved in the binding of carotenoid to 
protein in rhodopsin and that sulfhydryl re- 
agents are able to block the regeneration of 
rhodopsin after bleaching by light. Iodo- 
acetate, however, did not have this effect. 

Our own efforts to measure the effect of 
iodoacetate on adaptation processes in vivo 
did not produce conclusive results, except 
for the finding that the “off”-wave of the 
optic tract response was preferentially sus- 
ceptible to iodoacetate. On the other hand, 
much evidence was gathered in favor of the 
assumption that iodoacetate produced its ef- 
fects on retinal functioning by the inhibition 
of glycolysis. 

First, in rabbit and cat, those components 
of the electroretinogram which resisted an- 
oxia were most susceptible to iodoacetate, 
whereas, others which were susceptible to 
anoxia were not immediately affected by the 
poison (compare fig. 5 with fig. 2 and fig. 6 
with fig. 3). 

Second, iodoacetate primarily did not affect 
the same component of the electroretinogram 
in cat and rabbit (compare figs. 5 and 6) 
contrary to what should be expected if it in- 
hibited specifically one fundamental reaction 
of vision. 

Third, in winter frogs, iodoacetate was in- 
effective during aerobic conditions in accord- 
ance to in vitro findings that in lower verte- 
brates the aerobic lactic acid productign is 
very small. 

The ability of the eye-potentials to re- 
cover after one single injection of iodoace- 
tate has brought about their disappearance 
has not been determined yet, but it was ex- 
perienced that vision and pupillary reflexes 
returned in the course of several hours. Per- 
manent blindness was, however, consistently 
produced with two to three injections of 
iodoacetate during a 24- or 48-hour period. 


(The general toxicity of repeated adminis- 
tration was no serious experimental obstacle 
in rabbits, but severe central nervous and 
circulatory effects were encountered in the 
cat if such procedure was used. ) 

In the few instances in which we observed 
the intial stages of recovery after one single 
injection, the optic-nerve potentials in re- 
sponse to illumination regained appreciable 
amplitudes earlier than the potentials of the 
electroretinogram, reminding one of the clin- 
ical experience (Karpe, Riggs) that the elec- 
troretinogram may have vanished before vi- 
sion has deteriorated in cases of retinitis 
pigmentosa. 

The conclusions arrived at by the electro- 
physiologic analysis of the effects of iodoace- 
tate were confirmed by a_ histopathologic 
study, which will be reported on in detail 
elsewhere. It was found that iodoacetate ad- 
ministration resulted in the disappearance of 
the visual cells. 

The degenerative process induced by iodo- 
acetate either involved simultaneously all 
organelles of the visual cells or it started 
with the destruction of outer and inner seg- 
ments, followed by pyknosis of the outer 
nuclear layer. The process came to a temp- 
orary standstill with the disappearance of 
the outer nuclear layer. The neuro-epithelium 
near the ora serrata was more resistant than 
other portions of the visual-cell popula- 
tion and a smaller area around the optic 
nerve was also often preserved when the 
outer nuclei had disappeared elsewhere (two 
to three weeks after the repeated administra- 
tion of iodoacetate). 

In the albino rabbits, the pigment epi- 
thelium (sine pigmentation) was variably af- 
fected, in the cat clumps of pigment de- 
posits developed ophthalmoscopically and 
histologically solid nodules of pigment were 
found within those parts of the retina which 
were not attached to the tapetum. The 
retinal vessels of the cat became markedly 
narrowed. 

In short there was a remarkable similarity 
between the effects of iodoacetate and the 
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histologic changes in cases of primary de- 
generation of the neuro-epithelium on a he- 
reditary basis (retinitis pigmentosa). 

The confirmation of the results of the elec- 
trophysiologic analysis by histologic findings 
opens the question whether or not the simi- 
larity in the effects of iodoacetate and reti- 
nitis pigmentosa may shed some light on the 
nature of the disease. It does so indirectly 
in suggesting the consideration of a (geneti- 
cally conditioned) disturbance of the carbo- 
hydrate metabolism of the visual cells as a 
lead for the eventual elucidation of the dis- 
ease. 

Furthermore, due to its primary effect on 
the visual cells iodoacetate promises to be 
a tool for the study of various pathogenetic 
problems of the disease such as those con- 
cerning pigment migration, narrowing of 
retinal vessels, glia reactions, and the early 
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sparing of the visual cells near the ora 
serrata. 


SUMMARY 


1. Over the mammalian scale a remark- 
able lack in consistency exists with regard 
to either the energetic demands or the mecha- 
nism of energy supply for the various proc- 
esses of the retina. This lack of uniformity 
conditions great variations in the anoxic re- 
sistance of retinal potentials. 

2. In rabbit and cat intravenous adminis- 
tration of iodoacetate produces almost im- 
mediate effects on the electroretinogram and 
optic nerve activity which result in transient 
or permanent blindness. 

3. Repeated iodoacetate 
produces severe histologic changes which 
are dominated by the disappearance of the 
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Dr. Jame. E. Lesensonn (Chicago): Dr. Noell 
has given an interesting and detailed analysis of 
research bearing on the interpretation of the elec- 
troretinogram. His first chart on historical devel- 
opment showed the start of our accumulating knowl- 
edge with the discovery of the resting potential by 
Du Bois-Reymond, who is justly credited as the 
pioneer in electrophysiology. But actually we owe 
to Benjamin Franklin not only bifocals but the 
impetus to this field of study. 

When Franklin identified lightning and elec- 
tricity, the renewed interest in electrical phenomena 
which this discovery occasioned finally resulted in 
the epochal contributions of Volta and Galvani. 


9% Wald, G., and Brown, P. K.: Federation Proc., 10:266, 1951. 


DISCUSSION 


The electrical experiments on the frog fascinated 
scientists, and Humboldt suggested to Johannes 
Miller further study of the interrelations between 
life and electricity. Miller delegated this project 
to Du Bois-Reymond who, in the finest tradition of 
Teutonic thoroughness, founded the science of 
electrophysiology. 

The resting potential which Du Bois-Reymond 
noted has been shown to be based on the same 
metabolic activity as the active potential later dis- 
covered by Holmgren in 1866. Dewar and McKen- 
drick of Scotland observed in 1873 that the in- 
vertebrate eye with its erect retina has a resting 
potential of the opposite sign to that of the ver- 


| 
ee 
4 
Meg 
| 
} 
I 
4 
= 
a 


SURVIVAL TIME OF RETINAL CELLS 133 


tebrate eye, signifying that the electric response of 
the eye, at rest as well as in action, is maintained 
by the visual cells. 

Granit’s experimental work on the electroretino- 
gram in animals definitely demonstrated that the 
three processes postulated by Einthoven actually 
existed. After the use of ether, Processes I, II, and 
III disappeared in that sequence. He also showed 
the selective action of other agents such as alcohol, 
atropine, adrenalin, and potassium chloride. 

The experiments of Dr. Noell with two new 
drugs, iodoacetic acid and sodium azide, emphasize 
the role of glycolysis in the retina, which has been 
stressed by the previous speakers in relation to 
methanol poisoning. 

This notable paper is a fitting supplement to the 
monumental work of Granit, and likewise indicates 
the great value of the electroretinogram in clarify- 
ing our knowledge of the mechanisms of the 
retina. 


Dr. WitttAmM J. Hotmes (Honolulu): believe 
most of us are more interested in the clinical possi- 
bilities of electroretinography rather than basic 
laboratory studies. Electroretinography from a 
laboratory research standpoint has been studied by 
Prof. Ragnar Granit at the Nobel Institute in 
Stockholm, Sweden. It has also been used exten- 


sively for clinical conditions by Dr. Gosta Karpe at 
the Karolinska Hospital in the same city. Dr. Karpe 
has amassed a great many representative curves for 
various diseased conditions of the eye. 

Last year, while visiting in Stockholm, I had 
an opportunity to attend Dr. Karpe’s clinic and 
observe his technique. The technique consists of 
preliminary dark adaptation of the eyes for 30 
minutes. The eye is then anesthetized with ponto- 
caine and a speculum is inserted. The active elec- 
trode is placed on the cornea by means of a con- 
tact glass filled with saline and a neutral electrode 
is secured to the forehead by a band. The stimulus 
consists of a sharp, sometimes painful, exposure 
of light which varies in intensities from 1 to 5, 
to 20 to 80 lux. 

Dr. Karpe was able to record consistent changes 
on the electroretinogram of patients with retinal 
detachments, retained metallic intraocular foreign 
bodies, circulatory disturbances of the retina and 
others. 

At the time of my visit, the staff was working on 
a research project involving the electroretinographic 
researches of newborn babies from birth to six 
months of age. 

I again wish to thank Dr. Noell for bringing 
this subject before us. It is my feeling that in the 
future we will hear much more about it. 


SURVIVAL TIME OF RETINAL CELLS WHEN DEPRIVED OF THEIR 
BLOOD SUPPLY BY INCREASED INTRAOCULAR PRESSURE* 


G. G. 


Smiru, M.D., ann C. D. Barro? M.D. 


Toronto, Ontario 


INTRODUCTION 

Detailed experimental knowledge is re- 
quired of the effect of anemia on the sur- 
vival time of retinal cells to help clarify sev- 
eral clinical entities. 

Loss of the retinal blood supply, following 
closure of the central retinal artery, results 
in permanent degenerative changes in the 
retina after a very short time, but the length 
of time in which treatment might be of some 
value is still in doubt. 

Blindness, following nitrous-oxide anes- 
thesia, has been described. This is thought to 


*From the Department of Anatomy, and the 
Department of Ophthalmology, University of To- 
ronto. 
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be caused by asphyxia of the retina, but just 
how long it takes to affect the retina is not 
known. 

A number of cases of amaurosis, follow- 
ing external pressure to the eyeball during 
anesthesia, have been recorded. The blind- 
ness is thought to be caused by anemia of the 
retina, produced by a combination of a drop 
in the blood pressure, by spasm, and by the 
expression of the blood from the eye by the 
extraocular pressure. It is not known how 
long it takes before retinal damage results 
under these conditions. 

In neurosurgery, there are times when the 
surgeon wishes to occlude the ophthalmic 
artery for a short time (for example, in op- 
erations for arteriovenous aneurysms). It 
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would be valuable to know how long circula- 
tion could be obstructed without danger to 
the retina. 

In experimental studies to date, difficulties 
were encountered due to a difference between 
the arterial supply of the retina of certain 
animals and that of man. For example, cut- 
ting the central retinal artery of the rabbit 
does not produce degeneration of the retina. 
This was shown by Wagenmann. On the 
other hand, Turnbull showed that the same 
procedure in rats led to a degeneration of 
the retina similar to that which follows reti- 
nal artery occlusion in man. 

Ina further study, Turnbull produced tem- 
porary anemia of the retina by centrifuging 
rats. Three minutes were sufficient to cause 
a progressive loss of ganglion cells in the 21 
days after the treatment. His technique did 
not permit him to pursue the problem fur- 
ther, because centrifuging the rats for more 
than three minutes killed them. 

We made use of a technique which per- 
mitted us to vary the anemia period from 
minutes to hours, confined the experimental 
procedure to the eye alone, and also allowed 
for a control. 


TECH NIQUE 


All experiments were performed on rats. 
Two techniques were used to produce reti- 
nal anemia. In the first, the central retinal 
artery and the long and short ciliary vessels 
were cut—the purpose being to establish a 
control for complete retinal anemia. 

The second method consisted of increas- 
ing the intraocular pressure by introducing 
sterile fluid into the eye, under sufficient 
pressure to express all the blood. The pres- 
sure was controlled and maintained at a con- 
stant level of 100 mm. Hg by using a pres- 
sure bottle connected to a mercury manome- 
ter. The retinas were studied immediately 
following these procedures and at selected 
time intervals thereafter. 


RESULTS 


In the first group, in which anemia was 
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produced by cutting the retinal and choroidal 
vessels, the degenerative changes were first 
noted in the bipolar cells after 15 to 20 
minutes. There was swelling of the nuclei, 
with a breakdown of the chromatin network. 
As degeneration progressed, the nuclei 
shrank and took on a deeply stained, homog- 
enous appearance. Great variation as to the 
degree of degeneration was noted from cell 
to cell—normal cells lying beside cells which 
were grossly altered. These pyknotic nuclei 
became progressively more numerous, so 
that, in four hours, all of the nuclei showed 
these changes. 

The ganglion cells showed degenerative 
changes as early as 20 to 30 minutes. These 
changes, however, were quite irregular and 
indefinite. The occasional cell showed swell- 
ing, followed by loss of Nissl’s substance 
and the migration of the nucleus to the pe- 
riphery of the cell. 

The rods and cones showed some loss of 
differentiation in staining between the inner 
and outer segments after approximately 20 
to 30 minutes. The degenerative process pro- 
gressed at such a rate that, within six hours, 
the rods and cones did not show up in the 
stained preparations. 

In the second group in which anemia was 
produced by expressing the blood from the 
eye by increased intraocular pressure, the re- 
sults observed closely paralleled those of 
Group 1—both as to rate and to type of de- 
generation. At the end of three hours of 
anemia, the findings of both methods were 
almost identical. 

If the anemia was for 10 minutes or less, 
the retina was normal even after 21 days. 
Following 20 minutes of anemia, after 21 
days most of the ganglion and bipolar cells 
degenerated and were absorbed. If the ane- 
mia lasted for more than 30 minutes, after 
21 days the retina proceeded to degenerate 
completely and was reduced to a thin layer 
of irregularly arranged cells. 


Discussion 
If the findings in the rat apply to man, the 
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nerve cells of the retina are injured by 
anemia if it lasts more than 15 minutes. 

The nerve cells are not, however, uni- 
formly sensitive. Changes become visible in 
the bipolar cells in 15 minutes, in the gan- 
glion cells in 25 to 30 minutes, and in the cell 
bodies of the: rods and cones in 40 to 50 
minutes. 

Our observation that more than 15 min- 
utes of anemia is necessary to produce de- 
generation does not agree with that of Turn- 
bull. He found the critical time to be three 
minutes. It must be pointed out, however, 
that his technique produced anemia in both 
eyes and thus deprived him of an adequate 
control for the assessment of cell damage and 
cell loss. Furthermore, degeneration in the 
retina that follows centrifuging may not be 


due to the temporary anemia, but to a sys- 
temic effect of the treatment which sec- 
ondarily affected the retina. 

It is of interest that the longer survival 
time of 15 minutes, which we obtained, is 
comparable to that of the-nerve cells of the 
cerebral cortex which also show no histologic 
changes after less than 15 minutes of anemia. 
Gomez and Pike showed this in cats by ligat- 
ing the cerebral arteries and Becker and 
Windle in fetal guinea pigs by pinching the 
umbilical cord. 

This work is being continued to verify the 
above findings and to obtain more detailed 
information concerning the processes of re- 
pair which may follow anemia of short dura- 
tion. 

Toronto General Hospital. 
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DISCUSSION 


Dr. Derrick Vat (Chicago) : Before taking up 
the discussion, I should like to compliment the 
officers of this society for their new idea of asking 
clinicians to discuss experimental papers, and I 
should like to see the Section on Ophthalmology 
do the same thing by putting the experimental re- 
search workers on the spot extemporaneously. It 
might be interesting to see how the problem is 
handled. 

As the chairman has announced, all of these 
clinicians have had no warning about the work 
that they are to discuss and I think that up to 
the present time they have acquitted themselves 
very well, and I exclude myself from that category. 

I am very much interested in the paper we have 
just heard because I think it gets to many funda- 
mental clinical problems which have worried all of 
us. The matter of time in which the retina is de- 
prived of its blood supply before it loses its func- 
tion has great clinical significance, as the essayist 
has pointed out in citing a number of clinical in- 
stances. 


There is one further clinical condition seemingly 
common, of course, and that is glaucoma. Recently 
in the literature there has been an increasing num- 
ber of papers having to do with the problem of 
glaucoma approached from a vascular angle rather 
than from that of increased formation of aqueous 
on the one hand, or decreased outflow of aqueous 
on the other. 

The problem of the field defect that is so com- 
monly seen, especially the early changes in glau- 
coma explained on the pure basis of pressure on 
the nerve fibers of the retina, is one that has 
worried me for a considerable time. I think the 
solution is much more apt to be 6n a vascular basis 
rather than that of a purely pressure phenomenon ; 
in other words, a discontinuance of blood supply 
to the periphery of the retina over a long period 
of time, a chronic ischemia produced in elderly 
people whose blood vessels are already sclerotic, 
would explain the baring of the blindspot, for 
example, and the later changes involving the nasal 
field of vision much more readily than that of pure 
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pressure on the optic nerve fibers at the disc level. 

It would also explain to me some of these cases 
of so-called low-tension glaucoma where the field 
defect is exactly comparable to that seen in the 
ordinary glaucoma, and yet the pressure is not 
elevated. This syndrome has been known as the 
carotid sclerosis syndrome described a number of 
years ago by Knapp and others, whereby the oph- 
thalmic artery receives less than its normal supply 
of blood through a calcareous type of carotid artery. 

All of us have seen cases of glaucoma in which 
the intraocular pressure has become stabilized and 
yet the field defects continue, and I think this can 
be explained only on the basis of constricted blood 
supply, continuous constricted blood supply, as 
the result of arteriosclerosis or other changes in 
the already affected vessels. 

These are just a few of the things that passed 
through my mind when the essayists were discus- 
sing the problem. I think that the preceding paper 
by Dr. Noell can be correlated to some extent with 
the one we have just heard and I will listen to 
further discussions and will look into the litera- 
ture for further solutions of these knotty clinical 
problems. 


Dre. P. Ross McDonarp (Philadelphia): I am 
sure we have all seen cases in clinical practice in 
which we have had a partial occlusion of the ves- 
sels and have been able to relieve the occlusion with 
return in function of the retina. We also have 
cases in which the vessels appear normal but 
there is a field defect and we have felt that the 
loss of function must have been due to occlusion 
of a vessel or temporary spasm. 

In the experiment that the authors conducted of 
increasing intraocular pressure, I presume that that 
pressure was increased rapidly from whatever the 
level is in a rat to 100 mm. He. We are aware 
clinically that one can have a patient with edema 
of the cornea and all the evidences of acute con- 
gestive glaucoma but a tension of 40 or 50 mm. 
Hy, whereas we have seen patients with pressures 
of 80 and 90 mm. Hg with a perfectly clear cornea. 
I am sure that in edema of the cornea, as in cases 
of papilledema, it depends upon how rapidly you 
increase the pressure in the eye or in the cranial 
cavity. 

I think that if the pressure had been gradually in- 
creased in these animals over a longer period of 
time, you probably would not have had the degen- 
eration and destruction of the retina that was ob- 
served. 

I agree with Dr. Vail that a lot of the field 
changes we see in glaucoma are on a vascular basis. 


I do not think they are necessarily due to increased 
pressure. 


Dr. ARTHUR ALEXANDER KNApP (New York): 
It may be interesting to mention that I have had 
three patients in practice who have come to me 
three days after being totally blind. On examina- 
tion the tension was over 90 mm. Hg. A drainage 
operation was dore in all three and today they 
are seeing. Two of them also are suffering from 
advanced retinitis pigmentosa, and the vision in one 
is 20/70 plus, in the second 20/200, and in the 
third 20/200 minus. 

I think that it is interesting to note that, while 
clinically and experimentally you may feel that 
blindness, either due to glaucoma or optic-nerve 
atrophy, is final and irreversible, still there is hope 
clinically and that surprisingly enough patients can 
recover vision. We still do not know when clinical 
and histologic loss of vision coincide. We still do 
not know the potential vision of clinically blind 
eyes. 


Dre. Heneat Picnerre (Quebec City, Canada): 
We certainly need more fundamental data on the 
ocular circulation. The slowness of the blood flow, 
as well as the complete blockade of the blood supply, 
always produces slight or severe anemia or ischemia 
in the retinal cells. 

In the same manner, the lack of permeability of 
the arteriolar wall and cellular plasma membrane 
will bring about important histologic changes in the 
ocular layers. 

Besides the factor of permeability itself, there 
may intervene other factors, such as the number 
and size of the transversing molecules and chylo- 
microns in the lymph and blood systems. This last 
point was stressed a few months ago by Moreton. 
Oversized particles and macromolecules can very 
easily block the microcapillaries and produce ische- 
mia or local thrombosis. These facts enable us bet- 
ter to understand the very complex phenomenology 
of the retinal disturbances. 


Dre. C. D. Barrp (closing): In answer to Dr 
McDonald, we are working with a time factor here 
and, therefore, to get any accurate results we had 
to increase our pressure rapidly. Otherwise, our 
time factor would have had very little meaning. 

Dr. Knapp speaks of the occlusion of veins in 
the central area of the retina, but we must remem- 
ber in his case the choroidal vesSels were still giv- 
ing a certain amount of nutrition to the retina, 
which would possibly account for the fact that 
these people were able to maintain some vision 
after a great deal longer time than 15 minutes. 
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THE ANTERIOR CHAMBER OF THE EYE FOR 
INVESTIGATIVE PURPOSES* 


A SITE FOR TRANSPLANTATION OF FETAL ENDOCRINE TISSUES AND CANCER, AND 
FOR THE STUDY OF TISSUE REACTION 


Josepnx T. Dameron, M.D.' 
Buffalo, New York 


The purpose of this paper is to point out 
certain uses to which the anterior chamber of 
the eye is particularly adapted for the inves- 
tigation of various problems which are not 
necessarily ophthalmic. During the past two 
years, in the Surgical Research Laboratory 
of the Buffalo General Hospital, the anterior 
chamber of the eye has been used in the study 
of: (1) Tissue reaction to foreign materials ; 
(2) the homologous transplantation of fetal 
endocrine tissue in adult nonrelated hosts ; 
and (3) the heterologous transplantation of 
human cancer. 

1. ANTERIOR CHAMBER IN STUDY OF TISSUE 

REACTION TO FOREIGN MATERIAL 


Since the time of Cohnheim, studies of this 
nature have used the classical and standard 
histologic techniques for the study of sterile 
inflammation. In certain instances, such a 
laborious and time-consuming procedure is 


unnecessary if one elects to use the anterior 
chamber of the eye. By using this method, 
one may observe the eye daily for tissue re- 


action. 
Figure 1 demonstrates a small piece of 
polyethelene tubing inserted into the anterior 
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chamber of a rabbit's eye some three months 
previously. This piece of tubing was brought 
to our laboratory by a member of the depart- 
ment of anesthesia who wished to know if 
the tubing was reactive. The anesthetist 
wished to place the tubing within the spinal 
epidural space in order to give analgesia, 
over a period of several weeks, to a patient 
with an inoperable and painful carcinoma. 
If the anesthetist has at his disposal non- 
reactive tubing, he may, in selected cases, 
spare the patient a cordotomy for the relief 
of intractable pain. 

One will note from Figure 1 that, as far 
as tissue reaction is concerned, there is little, 


Fig. 1 (Dameron). Rabbit with test sample of 
polyethylene tubing placed in the anterior chamber 
of the eye for over three months. Demonstrates 
minimal tissue reaction. 
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Fig. 2 (Dameron). [!lustration of the method of transplanting fetal endocrine tissue or cancer 
to the anterior chamber of the eve. 


if any. The piece of tubing may be used with 
safety, as far as tissue reaction is concerned, 
over a period of several weeks. 

The orthopedists are still looking for the 
perfect nonreactive metal for the plating of 
bones, the nailing of hips, and so on. It might 
well be that such a method of observing the 
tissue reaction to metals would be of value 
to the orthopedists ; it also offers a method of 
observing the tissue reaction to various su- 
ture materials. 

After the initial reaction to the corneal in- 
cision is over, the eye will continue to show 
signs of progressive tissue reaction if the for- 
eign material is reactive but will clear en- 
tirely if tissue reaction is minimal. Thus the 
enormous amount of histologic study which 
is now necessary for such an investigation 
may be saved. 


2. HOMOLOGOUS TRANSPLANTATION OF FETAL 
ENDOCRINE TISSUES TO ADULT 
NONRELATED HOSTS 


Early embryonic tissues have apparently 
not developed tissue specificity. In other 
words, fetal tissues possess autonomy and 
may be transplanted homologously to the an- 
terior chamber of the eye, with indefinite 
survival. Fetal transplants of adrenal, ovary, 
testes, and thyroid tissue have been made in 
the dog, guinea pig, and rabbit." 


METHOD 


The fetuses are removed aseptically by 
cesarean section and, with the aid of a dis- 
secting microscope, the endocrine tissues are 
removed and placed in a sterile Petri dish. 
The bottom of the dish contains a few drops 
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of the mother’s blood, which will furnish 
sufficient serum to keep the tissues moist 
until transplanted. Drying of the tiny tissue 
fragments, and sepsis, are the two greatest 
deterrents to successful transplantation of 
endocrine tissues. The endocrine tissues for 
transplantation are removed between the 19th 
and 22nd day of gestation in the rabbit and 
between the 30th and 42nd day in the dog 
and guinea pig. 

The eye of the host is anesthetized with 
either seven-percent cocaine or one-percent 
pontocaine. Figure 2 is a drawing that shows 
a small incision along the upper border of 
the corneoscleral junction which is made 
by a quick jab of a corneal knife. Sufficient 
fluid is allowed to escape in order partially to 
collapse the anterior chamber. 

The tissue to be transplanted is placed 
within a small sterile trochar and the trochar 
is then inserted into the anterior chamber. 
The tissue is ejected from the trochar by a 
stillette into the inferior angle of the iris 
opposite the corneal incision. The fragment 
of tissue, measuring two to three mm. in 
diameter, is guided farther down into the 
junction of the iris and conjunctiva by ex- 
ternal pressure on the cornea. It is not neces- 
sary to close the corneal incision. 

Postoperative care is usually not neces- 
sary. However, if the eye becomes encrusted, 
this should be removed by simple irrigation 
with tap water in order to avoid infection. 
The use of chemotherapy and antibiotics for 
the control of infection is not necessary, and 
should not be employed as a substitute for 
asepsis. 

There is always an initial corneal reaction 
to the stab wound and to the slight trauma 
which is necessary in guiding the tissue frag- 
ment into the inferior angle of the iris. The 
operative procedure may cause slight hemor- 
rhage. However, within 10 to 15 days the 
cornea has, as a rule, cleared sufficiently to 
permit examination of the transplant. By 
this time the transplant has a pink color 
which is indicative of survival. 

When examined with the low power of a 
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stereoscopic microscope, an invasion of the 
transplant with tiny capillaries may be ob- 
served, the invading capillaries being derived 
from the iris. Between the third and fourth 
weeks, larger invading vessels may be ob- 
served with the naked eye. 

A transplant which does not survive has a 
pearl-white appearance resembling thick 
fibrous tissue. The dead transplant may either 
be absorbed or remain to become encapsu- 
lated and replaced by fibrous tissue. Micro- 
scopically the reaction and absorption is a 
lymphocytic infiltration followed by fibro- 
blastic proliferation and replacement by fibro- 
cytes. Polymorphonuclear leukocytes are sel- 
dom observed invading the transplants. No 
transplant has been recorded as a “take” 
unless there was histologic evidence of 
growth and maturation for longer than 30 
days. If regression is going to occur, it is 
usually apparent before 30 days. 


Criteria of a “take” are as follows: 


At the time of transplantation a control 
fetal gland, from the same litter of fetuses, 
is fixed for histologic study, the size and 
cellular maturity of the fetal endocrine organ 
being noted. The transplant when removed 
at a later date is compared with the control 
section for cellular differentiation into an 
adult gland and for size. No transplant has 
been classified as a “take” unless there has 
been continued growth and cellular differen- 
tiation for 30 days or longer. This arbitrary 
time limit has been set Leo Leob 
found most of his homologous transplants 
regressed at the end of three weeks.® 


since 


RESULTS 


Transplants have been made in over 230 
rabbits, 170 guinea pigs, and 53 dogs. One 
may obtain a 50- to 60-percent survival and 
continuous growth in the homologous em- 
bryonic transplants of adrenal, ovary, testes, 
and thyroid tissue in adult normal guinea 
pigs and rabbits. In the dog, the anterior 
chamber is very large, which allows many 
of the transplants to float to the center of the 
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Fig. 3 (Dameron). (A) Section of control fetal ovary, approximately 20th day of gestation. (B) 
Rabbit 80. \dentical fetal ovary 66 days after homologous transplantation to the anterior chamber of the 
eye. Note increase in size, the development of an ovarian cyst, and the mature follicles. (C) Higher 
magnification of (A), demonstrating immature fetal development of the ovary. (D) Higher magnifica- 
tion of (B), demonstrating the developing follicles in greater detail. (Hematoxylin and triosin.) 


cornea, where they die because of lack of 
blood supply. Therefore, the percentage of 
“takes” is less in the dog. 

In castrated and thyroidectomized hosts, 
the percentage of “takes” of the ovaries and 
testes and the thyroid may be increased from 
60 percent to approximately 90 percent. 


This observation indicates that Halsted’s 
law of endocrine deficiency? is valid and 
will be reported in greater detail in another 
communication. 

The transplant which survives will in- 
crease its volume 300 to over 1,000 times the 
original volume. There is cellular maturity 
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Fig. 4 (Dameron). (A) Section of control fetal rabbit testes, 20th day of gestation. (B) Rabbit 77 
Identical testes removed 49 days after transplantation. (Hematoxylin and triosin.) 


and differentiation from the fetal form to 
the adult form. 

Ovaries. The fetal transplants when re- 
moved 60 to 180 days after transplantation 
show mature Graafian follicles (fig. 3). In 
the rabbit, the ovarian transplant at this time 
will yield a positive Friedman test if the ani- 
mal is injected intravenously with pregnant 
urine. Cysts are often formed. The histo- 
genesis of these ovarian cysts is under fur- 
ther investigation. 

Testes. There is development of all por- 
tions of the testes toward an adult form. 
Spermatids have been observed in the rete 
testes (figs. 4 and 5). Spermatozoa have not 
been observed. 

Adrenal. The best growths occur in those 
hosts who have had a unilateral adrenalecto- 
my ; the transplant grows faster and its vol- 


ume is greater (fig. 6). There is cellular dif- 
ferentiation into all three zones of the 
adrenal cortex (fig. 7). The adrenal medulla 
does not survive. 

Thyroid. In the fetal thyroid the follicles 
are tiny, immature, and rarely possess colloid. 
The transplant removed 60 days to over one 
year later is fully developed. The follicles 
are lined with low cuboidal epithelium and 
there is an abundance of colloid present (fig. 
8). 

Dr. John B. Hursh, of the Division of 
Radiology and Biophysics of the University 
of Rochester School of Medicine, gave us 
invaluable aid in obtaining additional evi- 
dence that the thyroid transplant functions. 

If the animal is injected with radioactive 
iodine I,.:, the transplant will take up the 
iodine to the same degree as the host’s nor- 
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Fig. 5 (Dameron). (A) Higher magnification of Figure 4-A, to demonstrate the cellular detail of the 


rete testis in the control section. (B) Higher power magnification of the rete testis of the transplant (fig. 
4-B), demonstrating spermatid formation. (C) Higher power magnification of the seminiferous tubules 
of fetal testes. (D) Same magnification of seminiferous tubules of the transplant, demonstrating increased 


maturation. (Hematoxylin and triosin. ) 
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Fig. 6 (Dameron). (A) Control fetal rabbit adrenal tissue, 20th day of gestation. (B) Transplant 
removed after 112 days. There has been a volume increase of over 1,000 times. The cortex has differentiated 


into three zones. (Hematoxylin and triosin.) 


mal thyroid tissue. In the thyroidectomized 
host, the transplant will convert inorganic 
I, to bound-iodine, indicating that the io- 
dine has been incorporated into the thyroxine 
molecule. 

Figure 9 is an autoradiograph of a thyroid 
transplant injected with I,., 24 hours before 
the autograpli was made. There is an abun- 
dance of radioactive iodine concentrated 
within the transplant. 

Figure 10 is a photograph of a fetal rabbit 
thyroid transplant which had been growing 
for over six months. In our laboratory, 
guinea pigs have been kept for over one 
year with transplants. This time represents 
almost one-half the expected life span of the 


guinea pig. 


These observations indicate that fetal en- 
docrine transplants of adrenal, ovary, testes, 
and thyroid tissue grow, differentiate from 
fetal to adult form, and function within the 
host. Other sites for transplantation besides 
the anterior chamber of the eye are being in- 
vestigated in our laboratory in order to ob- 
tain a method of transplanting endocrine 
tissues clinically to deficient patients. 


3. TRANSPLANTATION OF HUMAN 
MALIGNANT TISSUES 


Greene** has demonstrated on numerous 
occasions that human cancer may be heterol- 
ogously transplanted. The ability to trans- 
plant human cancer to laboratory animals by 
Greene’s method offers the investigator, for 
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Fig. 7 (Dameron). Higher power magnification of Figure 6. (A) Control fetal adrenal tissue, demon 
strating lack of differentiation and organization. (B) Demonstrating the development of broad, flattened 
cells of the zona glomerulosa of the transplant. (C) Demonstrating development of zona fasciculata of the 
transplant. (ID) Demonstrating development of the zona reticularis of transplant. (Hematoxylin and 


triosin.) 


the first time, a method of studying human 
cancer in living laboratory animals. He has 
introduced a biologic concept to differentiate 
the malignant from nonmalignant tissues as 
contrasted against a purely morphologic clas- 
sification.” For example, the lymphomas and 


blood dyscrasias do not grow when trans- 
planted to animals. Neither do all tumors 
which are classified on a morphologic basis 
as being cancer grow when transplanted to 
animals. This has led Greene to question 
such tumors as being true cancers. 
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Fig. 8 (Dameron). (A) Control fetal rabbit thyroid tissue, 20th day of gestation. (B) Transplant 
removed 112 days afier transplantation, demonstrating tremendous increase in size and maturation. (C) 
Higher power magnification of (A), demonstrating the immature follicles and lack of colloid. (D) Higher 
power magnification of (B), demonstrating mature follicles lined with low cuboidal epithelium and an 
abundance of colloid. (Hematoxylin and triosin.) 


The purpose of this paper is net to go — studied in laboratory animals. For example, 
into a lengthy discussion of the merits of the — the susceptibility of human malignant tissue 
microscope versus the laboratory animal in — to drugs, hormones, or radiation therapy may 
the differentiation of cancer, but to reéem- be advantageously studied in such a manner. 
phasize the fact that human cancer may be Figure 11-A and C is an example of two 
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Fig. 9 (Dameron). Autoradiograph of trans- 
planted fetal rabbit thyroid tissue which had been 
growing fo. 112 days, demonstrating the uptake 
and distribution of radioactive iodine, T.. 


Fig. 10 (Dameron). Fetal thyroid transplant 
growing in the eye of a rabbit for over six 


Fig. 11 (Dameron). (A) Transplant of a human papillary medullary thyroid carcinoma to the 
anterior chamber of a guinea-pig eye. (B) Higher power magnification of (A) to show the malignant 
cells. (C) Transplant of a human malignant melanoma to the anterior chamber of a rabbit's eye. (D) 
Higher power magnification of (C) to demonstrate the melanotic cells. (Hematoxylin and triosin.) 
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human cancers which have been transplanted 
to the guinea pig and rabbit in our labora- 
tory. 

The thyroid carcinoma was obtained* at 
the time of a lymph-node dissection of the 
neck. A piece of the cancer was obtained 
and transplanted to the guinea pig. The can- 
cer grew in the anterior chamber of the eye 
and was histologically identical to that ob- 
tained from the patient. The literature does 
not reveal a carcinoma of the thyroid as hav- 
ing been transplanted previously. 

The malignant melanoma was obtained? 
at the time of operation and was transplanted 
within two hours to the anterior chamber of 
the rabbit’s eye. The tumor grew and was 
histologically identical to the original tumor. 


*From a patient of Dr. Roswell Brown. 

t From a patient of Dr. Winfield Butsch. 

I wish to express appreciation to Dr. John R. 
Paine, chairman of the Department of Surgery of 
the University of Buffalo School of Medicine, for 
his guidance in this investigative work; to Mr. 
M. D. Dedrick, of the Department of Medical II- 
lustration, for the illustration and assistance in 
making the photomicrographs; and to Miss Mar- 
jorie W. Egan for technical assistance. 


SUMMARY 


The anterior chamber of the eye is par- 
ticularly adapted for carrying out many in- 
vestigative processes. 

1. A simple method of studying the tissue 
reaction to foreign bodies has been demon- 
strated. This method does not require his- 
tologic techniques. The reaction of the tissues 
to the foreign body may be observed con- 
tinuously. 

2. Early embryonic endocrine tissues, ad- 
renal, ovary, testes, and thyroid, may be 
transplanted to adult nonrelated hosts. The 
transplants continue to grow, differentiate, 
function, and mature into adult glands. From 
the evidence presented, transplants are be- 
lieved to function. 

3. The advantages of using the anterior 
chamber of the eye for the transplantation, 
biologic differentiation of malignant and 
nonmalignant tissues, and as a method for 
the study of human cancer has been empha- 
sized. The successful transplantation of a 
human thyroid cancer to the guinea pig and 
the transplantation of a human malignant 
melanoma have been presented. 
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BUSINESS MEETING 
Wednesday Afternoon, June 13, 1951 


The business session of the Association for Re- 
search in Ophthalmology, Inc., convened at 2:00 
o'clock in the meeting room of the Malborough- 
Blenheim Hotel, Atlantic City, New Jersey, with 
Dr. Kenneth C. Swan presiding. 

Dr. Kennetu C. Swan (chairman): The first 
order of business will be the report of the treas- 
urer, Dr. James H. Allen. 

Dre. James H. ALLEN: See auditor’s report. 

Dr. KennetH C. Swan: The next report will 
be that of the nominating committee, of which Dr. 
John McGavie is chairman. In his absence, Dr. 
John Harris will present the report. 

Dr. Joun Harris: Mr. Chairman, members of 
the association: I wish to submit the report of the 
nominating committee. It is the desire of the nom- 
inating committee to submit to the association in 
nomination for membership on the Board of Trus- 
tees, the name of Dr. T. E. Sanders of St. Louis, 
and to submit to the association the name of Dr. 
James H. Allen in nomination for reélection as 
secretary-treasurer. 

(It was moved by Dr. Harold Falls and regu- 
larly seconded that the report of the nominating 
committee be accepted. ) 

Dr. Kennetu C. Swan: It has been moved and 
seconded that the report of the nominating com- 
mittee be approved. Therefore, Dr. Sanders will be 
the new member of the Board of Trustees and our 
secretary-treasurer will remain in office. 

The next report is that of the invitation commit- 
tee for the International Congress. In the absence 
of the chairman, Dr. Brittain F. Payne, I will ask 
lr. Allen to submit the report. 

Dr. James H. ALLEN: The invitation committee 
for the International Congress, consisting of Dr. 
Brittain Payne, Dr. Phillips Thygeson, and myself, 
met with the representatives of the three other eye 
societies and received the report from the executive 
group of the invitation committee to the effect that 
the International Congress of Ophthalmology had 
accepted their invitation to meet in this country in 


1954. At that meeting, an organization for the 
handling of the business and arrangements for the 
International Congress was formed. Dr. Bernard 
Samuels was elected president of the International 
Congress, Dr. John H. Dunnington, vice-president, 
Dr. William L. Benedict, executive secretary and 
treasurer. 

The matter of advertising and financing the ar- 
rangements for the International Congress was 
discussed and the Association for Research in 
Ophthalmology, through its committee, with the 
approval of the Board of Trustees, pledged an ini- 
tial sum of $500 to the support of this organization. 

This, Mr. President, concludes the report of the 
invitation committee, and it requests that it be 
dismissed at this time. 

Dr. Swan: Is there any discussion? The chair 
will receive a motion. 

(Upon motion made by Dr. Falls, seconded, and 
carried, the report of the committee was received.) 

Dr. Swan: The Board of Trustees have voted 
that, in the future, all papers should be submitted 
in final form at the beginning of the meeting. 

The trustees also agreed that presentation of the 
papers in summary would be acceptable and that 
we would accept for publication more complete ma- 
terial than was presented at the meeting. 

Dr. McDonald, could you now present the report 
of the auditing committee ? 

Dr. Ropp McDonatp: I have examined the books 
of the society, the financial statement prepared by 
an exceptionally good firm of auditors, and, as far 
as I can tell, they are in good order. 

Dr. Swan: May I have a motion that the treas- 
urer’s report and the auditor's report be accepted ? 

(Upon motion regularly made, seconded, and car- 
ried, the auditor’s report was accepted, carrying 
with it acceptance of the treasurer’s report.) 

Dr. Swan: Is there any new business? 

If not, we will proceed with the afternoon pro- 
gram. 
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REPORT 
ASSOCIATION For RESEARCH IN OPHTHALMOLOGY, INC. 


To the Members of the Board of Trustees 
Association for Research in Ophthalmology, Inc. 
New Orleans, Louisiana 


Gentlemen : 

We have examined the accounts of the secretary-treasurer of the Association for Research in Oph- 
thalmology, Inc., for the year ended December 31, 1950. In this connection we have reviewed the system 
of internal control and the accounting procedures of the association and have examined accounting records 
and other supporting evidence, by methods and to the extent we deemed appropriate. Our examination was 
made in accordance with generally accepted auditing standards applicable in the circumstances and included 
all procedures which we considered necessary, except that we did not confirm unpaid dues directly with 
members. 

INTRODUCTION 

The association was incorporated on July 20, 1936, under the laws of the state of New York. However, 
it had been an unincorporated group for some years earlier, operating under a constitution and related 
by-laws. These were embodied in the certificate of incorporation. The association has no shareholders and 
is exempt from federal taxes. However, it is required to file annually a federal information return report- 
ing the source and disposition of income. 


Scope OF EXAMINATION 

Cash receipts as recorded in the cash book were traced into bank. Dues shown as paid were checked to 
individual membership cards. Cash from this source was reconciled to the total number of members shown 
on the official list which is to be furnished to individual members. A minor discrepancy was noted, con- 
sisting of one more $2.00 educational membership paid for than was anticipated. We do not consider this 
a material objection. 

Interest from U. S. bonds was verified by count of coupons attached. Matured coupons amounting to 
$175.00, due through December 31, 1950, were found affixed. These were clipped and deposited in bank 
in the presence of our representative on May 16, 1951. We found no feasible means of verifying in- 
dependently the amount of proceeds from banquet. 

Disbursements were found to be supported by cancelled checks, receipted bills, and other data. They 
seemed proper. 

Confirmation of balance in bank was obtained direct from the depositary and was reconciled by us. We 
inspected the U. S. bonds. 

We also examined the certificate of incorporation, constitution and by-laws, the insurance policy, 
minutes, and such other data as was pertinent. 


GENERAL 


Constitutional provisions as to bond of the secretary-treasurer and an annual audit by a certified public 
accountant were found to have been complied with. A federal information return for 1950 was prepared. 

Although formal action in documented form did not appear to have been taken with regard to the 
Proctor Medal Fund, we were advised that it is the intention of the donor that the fund be kept intact 
and the income used to defray cost of a medal to be presented periodically for outstanding accomplishment 
in ophthalmology. It appeared to us that the financial provisions of this condition had been met as to the 
year under examination. We were further advised that it is the sense of the association that the income 
is to go into the general fund and that, should the income be insufficient to defray the cost, the general 
fund is to provide the balance. 

All financial activity during the year appeared to be reflected in the accounts and all assets similarly 
appeared to have been recorded. We found no evidence of any debt or other commitments due by the 
association at December 31, 1950. In addition, we obtained from the secretary-treasurer a certificate 
attesting the correctness of these statements. 


CERTIFICATE 
In our opinion, the accompanying exhibits present fairly the fund balances of the Association for Re- 
search in Ophthalmology, Inc., as of December 31, 1950, and the total receipts and disbursements for the 
year then ended, in conformity with generally accepted accounting principles relating to the operation of 
funds, applied on a basis consistent with that of the preceding year. 
Yours very truly, 
Ryniker, Woottey & Bates 
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Exhibit A 
CASH AND Securities IN FuNps As or DecemRER 31, 1950 
Proctor 
General Medal 
Fund Fund Total 
Securities: 
U.S. Treasury Bonds 2449 —1967-72 (at 
6,084.79 10,184.63 10,184.63 
Total Funds ........... $1,812.44 $10,200.00 $12,012.44 
Exhibit B 
‘ STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
Year Ended December 31, 1950 
Proctor 
General Medal 
Fund Fund 
Cash on hand and in bank—first of year $1,305.68 $6,100.16 
Add Receipts: 
1949 Dues: 
Active members at $5.00 ...$ 15.00 
3 Educational members at $2.00 . 6.00 21.00 
1951 Dues 
3 Active members at $5.00 ........ 15.00 
From Proctor Medal Fund (contra below) ..................+...... 50.00 


4,418.68 6,150.16 


Deduct—Dishursements: 


Convention expenses : 


Programs, mailing fees, notices ......... 373.54 

Expenses of Secretary-Treasurer 100.00 

Premium—$5,000.00 position bond Secretary-Treasurer ............ 25.00 
Bank charges and miscellaneous .............................. 21.02 
Safety deposit box rental (1 year) ...................0............ 10.60 
Transferred from Proctor Medal Fund to General Fund (contra above) 50.00 
Engraving Proctor Medal .... 2.97 

Total, Disbursements . 2,606.24 6,134.79 


Cash in bank—end of year (to Exhibit “A”) 


$1,81244 $ 15.37 
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AUDITOR'S REPORT 


Exhibit B-1 
CHANGES IN MEMBERSHIP AND RECONCILIATION WITH DUES PAID 
Year Ended December 31, 1950 
Changes in Membership Hon-  Educa- Sus 
Life orary _ tional Active taining 
Membership January 1, 1950 . 11 50 391 21 
Add: 
Elected for 1950 membership at Fall, 1949, meeting 
of Board of Trustees .. hen 16 
Elected at Tune, 1950, meeting of Board of Trustees 29 
Unlocated difference 


Deduct: 
Deceased in 1950 . 
Resigned and retired in 1950 
Memberships lapsed for non-payment of dues (1) : 
Members at first of year .. 
Members elected for 1950 .. 


Totals .. 


Changes in Classes of Memberships: 
From active to sustaining 
From sustaining to active 
From educational to active .. 


Membership December 31, 1950 
Reconciliation with Dues Paid 


Dues for 1950 paid in 1949 
Dues paid in 1950: 


Life and honorary 
Educational at $2.00 
Active at $5.00 


Sustaining at $25.00 .. 


. .$ waived 


152.00 
1,975.00 
600.00 


395 


Total 
474 


76 
395 
24 


To Exhibit “B” $2,727.00 77 398 509 


Note: (1) Under the constitution, dues must be paid to obtain educational, active or sustaining membership 


Exhibit C 
SUMMARY OF MEMBERSHIP BY YEARS 
TO DECEMBER 31, 1950 
Years 
Ended Total 
Dec. 31: Members 
474 1938 ... 
422 1937 
1936 
1935 
1933 
1931 .. 
1930 . 


Notes: (1) Excludes dues-paying memberships lapsed for non-payment 
(2) Not available, due to wartime dislocation. 
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53 
1 
437 21 506 
2 3 5 
13 31 1 45 
2 17 37 57 
1 9 79 400 20 509 . 
es 5 (5) 
9 77 308 24 509 
= 
: 
JS 
219 
1940 270 
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